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National Parks beyond the Horizon 


THE informed public of Great Britain has called quite 
solidly for the establishment of National Parks in this 
country. The demand has been, indeed, a feature of social 
opinion in the last quarter of a century. All political 
parties have found common ground, all sects and different 
kinds of societies have been at one here—but we have not 
yet got a National Park. Here is one more example for the 
|inescapable phenomenon that public attitude and Parlia- 
ment are two quite different things. When the Hobhouse 
‘Committee in England and the two Ramsay Committees 
in Scotland were appointed round about the close of 
hostilities, many people were quite sure that National 
Parks were ‘in the bag’. It was never doubted that the 
Parks would become fact. Many months passed after the 
publication of the Hobhouse and Ramsay Reports. Not 
a nod of an intention reached us, but we felt it must be ail 
right really. 

Then quite suddenly came a three-hour debate on the 
subject in the House of Lords on April 8, 1948. Lord 
Merthyr rose to call attention to the desirability of imple- 
menting at an early date the recommendations of the 
Reports. These recommendations were not only for the 
establishment of the Parks, but of a National Parks Com- 
mission, a special and expert body to administer this new 
venture on which the whole country had set its heart. Lord 
Henderson replied for the Government. Reading the 
Hansard Report of the debate, one cannot get away from 
an imaginary picture of him standing first on one leg and 
then on the other, easing his neckwear and frequently 
clearing his throat. He praised the Report, he was in sym- 
pathy with those noble Lords who wished the Reports to 
be implemented, he paid tribute to our great wealth of 
beautiful country and historical treasures—but—‘‘the 
Minister has yet to reach a decision”’, matters are still to be 
probed ‘‘before a firm decision can be reached as ta the 
Precise measures which are desirable to give reality to the 
general concept of national parks... . In fact detailed work 
has been done before even the outlines of legislation begin 
(0 crystallise. . . . It is therefore not possible at present to 
forecast either the date or the extent of future legislation 
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on these matters.” There was a lot more. Lord Merthyr 
rose to express his disappointment; he must have spoken 
for more millions than he knew and with greater restraint 
than most of us feel. Then, a fortnight later, the Secretary 
of State for Scotland opened the Scottish Eccnomic 
Conference in Edinburgh. He expressed the hope that it 
would be possible to bring about the fact of National 
Parks within the existing framework of local planning, 
which is another way of saying the same thing as Lord 
Henderson. But how can National Parks be areas under 
local planning units? 

In short, the recommendations of every committee set 
up in the last 25 years to advise on this subject are being 
thrown overboard: and in the meantime acres of some of 
our most treasured countryside, already scheduled by the 
Committees to be within National Parks, are being lost 
by all kinds of defacement for which Government Depart- 
ments are directly responsible. We may well ask “How 
much longer must we wait?” 


Do Thunderstorms Interest You? 


Discovery has offered its assistance more than once to 
research workers who would like to appeal to a wider 
public for assistance in their specialised work. Elsewhere 
in this issue will be found a letter from a scientist who wants 
information from readers that may help him to decide 
when the Australian barnacle now at large in British 
waters (see Discovery, April 1948, ‘An Invasion by 
Barnacles’, p. 101), first arrived here from the Anti- 
podes. 

Among our readers there are likely to be many who 
will be interested in another piece of work, this time in a 
very different field of inquiry. We refer to the thunder- 
storm survey organised by the British and Allied 
Industries Research Association, which has provided us 
with some details about the aims and objects of this 
survey. 

The layman may be surprised to learn that the most 
frequent single cause of interruptions of electricity supply 
is lightning, though people living in the country who 
depend for their supply on overhead distribution lines are, 








200 


however, only too well aware of interruptions of supply 
during and after heavy thunderstorms. 

The Electrical Research Association has taken an interest 
in problems connected with lightning for a long time. With 
a view to assisting the electricity supply industry on the 
question of the protection of overhead distribution lines 
against lightning, the Association has started a survey 
of lightning faults experienced by selected electrical supply 
systems in various parts of Britain. For an adequate 
analysis of such faults to be made it is necessary to have 
parallel information about the occurrence and, if possible, 
the severity of thunderstorms producing lightning flashes 
that hit the earth. For this census a great number of 
voluntary observers are needed from all parts of the 
country. 

In order to burden the individual observer as little as 
possible the information requested is confined to those 
points which are essential for the purpose under review. 
The information is therefore such that it can be readily 
given on postcards (provided by the Association), which 
contain the following questions: 


Approximate time and duration of storm. 
Direction and movement of storm. 
Severity of storm. 

Approximate number of flashes to earth. 


The significance of these items is explained more fully in 
a note which appeared in the March issue of the Meteoro- 
logical Magazine. Copies of this article are available to 
potential observers who are requested to offer their services 
to: The British Electrical and Allied Industries Research 
Association, 5 Wadsworth Road, Greenford, Middlesex, 
marking the envelope ‘Thunderstorm Observations’. 

Incidentally The Museums Journal has commended the 
note in our March issue on the way in which scientists 
could enlist the aid of a wider public in their researches, and 
suggests that the method of mass-appeal could be used as 
a means of stocking museums. 


Too Much Paper? 


SCIENTISTS are supposed to be orderly and systematic 
people, but this is not reflected in the system they use to 
communicate the results of their scientific investigations. 
There is a considerable chance that the report of a particu- 
lar research may never reach those who could benefit 
from it. And countless hours are wasted in tracking down 
references, because there is no simple all-embracing way 
of discovering what has been done and is being done ina 
particular field of work. It is often easier to repeat a piece 
of work than to search the literature for the paper which 
records it. 

All this arises because scientists’ methods of communi- 
cating their results to one another have, like Topsy, just 
growed. When some speciality was inadequately covered, 
a new journal was started to deal with it. When the papers 
in a field of work were scattered over a wide variety of 
journals, an abstracting journal was published to collect 
the references. Local scientific societies began their own 
journals quite independently of all others. 

Every such move was in itself a move for the better 
—it repaired some obvious deficiency in the existing mode 
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of publication. But the broad outcome was to make the 
system of communications steadily worse and worse, 
This paradox arises very simply from the fact that the mode 
of action chosen to repair any fault in the machine was 
always (or almost always) to add a new part to the machine, 
Seldom or never was there any thorough re-designing— 
so that we are left today with a system of communications 
which is fundamentally that which served well in the late 
seventeenth century, together with thousands of ad hoc 
additions and alterations which have produced a contrap- 
tion of Heath Robinson complexity. 

The result is that there are now more than 40,000 scien- 
tific periodicals in the world, at least 15,000 of a worthwhile 
scientific standard. These 15,000 journals carry about 
750,000 original papers per year. And the volume of litera- 
ture is growing by some 5% per annum. Although there 
are a number of periodicals which a scientist in any par- 
ticular line of work knows he must read, there remain 
many thousands in which a useful paper might appear, but 
which he cannot possibly search. 

The abstracting journals serve as a not very convenient 
index to a part of this vast literature, but it is estimated that 
not more than one-third of the 750,000 papers are 
abstracted. The abstracting journals, like the main journals, 
have grown haphazard as the need arose. They do not 
cover all fields. They do not abstract from all journals. 
There are numerous overlaps. 

In the present-day world there is no lack of physical 
means for overcoming these difficulties. Papers can be 
published by printing, by duplicating, by photostating or 
reflex copying, by micro-filming—each process having 
advantages in particular circumstances. A process rIe- 
ferred to at the Royal Society Conference on Scientific 
Information (which was held in London last month) 
would allow a foolscap page to be reproduced within the 
dot of the letter ‘i’, or the entire contents of Encyclopaedia 
Britannica on three pages of Discovery! For indexing 
and classifying papers there is a wide variety of devices 
ranging from the ordinary card index to the elaborate 
Hollerith or Power-Lamas punch-card sorting machines. 
If desired, a punched card can carry in addition to the 
coded title and abstract a micro-film reproduction of 
the paper, instead of merely a reference to where it may be 
found. Most of these devices are already in use, serving 
the purposes of special libraries or abstracting services, 
though the percentage of all British libraries that use these 
techniques is very small. But the main failure of today lies 
not in the details of a possible mechanism for a rational 
system of disseminating information; it lies in the lack of 
any overall plan. 

In the last few years the world of science has become 
acutely aware of these difficulties, which were discussed at 
the Royal Society Conference which we have already 
mentioned. 

The discussion showed that many people now believe 
further patching of the old system to be useless and com- 
plete revision to be necessary. Of the many proposals 
made the most radical are those of Professor J. D. Bernal. 

Under his scheme the selection and editing of papers 
for publication would be carried out, as at present, by 
the various scientific societies. But for publication they 
would be passed to a National Distributing Authority 
(which would have reciprocal exchange agreements with 
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THE GAS ARC. The value of this new source of con- 
tinuous illumination, invented by Dr. J. N. Aldington, 
cannot yet be assessed, but obvious uses that suggest 
themselves are in photography (particularly colour photo- 
graphy), television and cinematography. 


(Above)—The gas arc outside its quartz envelope. 

(Right)—Dr. Aldington examining a gas arc lamp. The 

picture was taken by light from such a source, exposure 
being a fiftieth of a second at f 6:3. 


the N.D.A.s of other countries). A paper would be 
published in the first place, not in a journal as is now done, 
but in the form of a separate pre-print. At the same 
time, or even in advance, an abstract would be published. 
Instead of subscribing to journals as now, scientists would 
take out a subscription entitling them to obtain all papers 
On certain subjects. In addition they would receive all 
abstracts and would be able to order any papers which 
appear from the abstracts to be of interest to them. The 
useful features of journals would also be retained, for the 
pre-prints would later be bound up in journal form. In 
addition to the ordinary scientific paper, which usually 
cannot contain all the experimental details, the scientist 
could deposit with the N.D.A. a fuller account in typescript, 
and photostat or micro-film copies of this could be 
distributed to selected individuals and to any who ask for 
them. 

Professor Bernal maintains that this system would 
greatly simplify the procedure of publication, would make 
the scientists’ task easier both in his general day-to-day 
work of compiling bibliographies, and would greatly 
reduce the cost of publication. Others believe that the 
disadvantages would outweigh the advantages (see the 
letter of Sir George Thomson and Dr. J. R. Baker to 
Nature, 15 May, 1948, pp. 771-2). But at least all will hope 
that there will emerge from the conference some more 
rational and co-ordinated system of publication and dis- 
tribution than exists at present. 


The Gas Arc 


A NEW lighting development of great interest is the gas arc 
invented by Dr. J. N. Aldington of Siemens. Its forebears 
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are firstly the high-intensity flash tubes, such as the 
Arditron (DISCOVERY, November 1946, pp. 325-7) and 
secondly the high-pressure water-cooled mercury vapour 
lamps. 

In the gas arc, current densities of the order of 100 amps 
per square centimetre are produced between massive 
tungsten electrodes in a column of the rare gas xenon. 
The characteristics of electrical discharges of this magni- 
tude are very different from those previously known, and 
much research remains to be done before the new pheno- 
mena are fully understood. In all normal types of dis- 
charge lamp, some means of limiting the current flowing 
in the circuit must be provided if the lamp is to go on 
burning steadily at its rated power level. Without an 
impedance of some kind the discharge once struck runs 
away with itself, for the resistance of the column of gas 
to the passage of the current decreases rapidly the greater 
the current flowing. If this is allowed to happen the gas 
heats up and eventually bursts the lamp. In the gas arc 
the envelope, which is made of fused quartz, is designed to 
withstand these high pressures, and it is found that after 
the current has reached a certain value it no longer 
increases unless the voltage is increased. From this point 
the arc behaves electrically in the same way as a normal 
filament lamp, and no device to limit the current is 
necessary. 

The light emitted by the normal discharge lamp forms 
what 1s known as a [ine spectrum; only a few discrete wave- 
lengths from the visible spectrum are emitted, with the 
result that the colour rendering of these lamps is very poor. 
At low current densities a discharge in xenon also suffers 
from this defect, but as the current increases the gaps in 
the spectrum are gradually filled in by the broadening of 














The Electronic Pin-Wheel Feeder. 


the lines and the appearance of new ones. In the gas arc 
this process has gone so far that for many practical pur- 
poses the light is indistinguishable from daylight. This 
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change in the spectral character of the light emitted by 
high current density arcs had already been observed in the 
Arditron and other flash tubes in which very high currents 
(of the order of 5000 amps per square centimetre) flow 
for a few millionths of a second, but any attempt to run 
these tubes continuously would result in immediate failure 
of the envelope. 

No figure is yet available for the efficiency of this light 
source, and since considerable quantities of ultra-violet 
and infra-red radiation are also emitted it is unlikely that 
this is very high. However, there are many applications in 
which the high intensity, good colour and the fact that 
they can be turned on and off instantaneously—there 
is nO warming-up period—will prove to be valuable 
assets. 


Electronic Control for a Textile Process 


EARLIER this year we published a long note and comment 
pointing out how the productivity of British industries 
could be stepped up by the introduction of more automatic 
electronically controlled machines (April issue, pp. 99-101), 
and in that note we singled out the textile industry as one 
that could gain particularly from the extension of elec- 
tronic techniques. Following upon that note we have 
received details about a new automatic machine, developed 
by the textile firm of Tootal Broadhurst Lee and Company 
in conjunction with Ferranti Ltd. in which a neat elec- 
tronic control is obtained with the aid of photo-electric 
cells. The actual inventor is Mr. L. C. Nield, engineer 
to a firm of bleachers and finishers, John Walton of 
Glossop Ltd. 

The particular problem which the machine solves 1s 
this. After the pattern has been printed on to a roll of 
cloth, the fabric has to be dried. In the conventional 
drying machines (called stenters) the material has to be 
fed by hand into mechanical friction-clips, or by automatic 
feeder, in which case 3 h.p. of electrical power is needed in 
addition to that required to drive the machine. The con- 
ventional automatic feeder is designed with the intention 
that if the cloth wanders sideways it can be brought 
back automatically on to its proper course, but dis- 
placement of the machine parts that carry the fabric 
does not compensate exactly for displacement of the 
selvedge. 

The photographs and drawings show how Mr. Nield has 
tackled and solved this problem. In this new automatic 
machine (ca!led a Pin-Wheel Feeder for reasons that will 
become obvious) pin wheels and pin chains are substituted 
for the mechanical friction-clips. It can be seen that there 
are two parallel pin chains, which are endless chains 
with plates attached to them on which are set two rows of 
needles about a quarter of an inch high and an eighth of an 
inch apart. It is these pin chains which carry the fabric 
through the drying stoves. The guiding of the cloth through 
the machine is effected by impaling the selvedges of the 
fabric on to the two lines of pins in such a way that no 
matter how the cloth is displaced laterally, and no matter 
how the cloth may vary in width, the electronically con- 
trolled guide wheel will bring the edges to a predetermined 
line which is constant relative to the line of pins on the 
chain. At the same time it is desirable to feed and impale 
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a greater length of fabric than a given length of pin chain 
would carry so that the fabric is corrugated or compressed 
in its length; this allows for shrinkage in length as the 
fabric dries. The apparatus for doing this is called an ‘over- 
feed’, identified in our drawings as the ‘combined pin and 
bristle wheel’. 

Now to describe the electronic mechanism that controls 
the machine. In the first photograph the fabric is seen being 
fed into the machine. The selvedge of the fabric is passing 
beneath the photo-electric cell. This electronic ‘eye’ is 
sensitive to changes in the amount of lighting falling on it, 
and that varies with the way in which the selvedge passes 
beneath the ‘eye’. The photo-electric cell instantly reacts 
to any changes and passes its ‘reactions’ through an 
amplifier to the control motor. 

From the second photograph and the drawings it can 
be observed that the photo-electric cell and the pin wheel 
below it which guides the fabric are mounted on a triangular 
arm. The other angle of the arm carries the control 
motor. When the cloth wanders the amount of light falling 
on the photo-electric cell changes, this causes the control 
motor to turn One way or the other, and as it does so it 
turns the guiding pin wheel. The selvedge is thus always 
fed exactly in a straight line as it passes over the quarter- 
circumference of the pin wheel. In the third photograph 
the material is passing beneath the photo-electric cell and 
goes over the guide wheel (which is hidden by the fabric). 
As the guide wheel moves from side to side the material 
passes Over a quarter of its circumference and therefore is 
always fed off it at the same point relative to the pivot of 
the control motor. This always brings the selvedge into the 
right position on the pin chain. 

The machine is interesting as an example of electronic 
control; it makes hand labour unnecessary and, incidentally, 
requires less than a tenth of the electric power used by the 
conventional automatic feeders. It is also of interest 
because it illustrates the vital point that while electronic 
control of industrial processes has a great part to play, it 
cannot offer an overnight solution of our present economic 
problems, as more than one lay paper has suggested it can. 
To perfect electronic control mechanisms that are suffici- 
ently robust and fool-proof to be installed in factories takes 
time. It is one thing to mock up a device that gives an 
impressive demonstration of its capabilities in the labora- 
tory; it’s something quite different to produce something 
that will give continuous control 24 hours a day, five days 
a week, in a factory. Only after 18 months’ trial under such 
conditions was Mr. Nield satisfied with the performance 
of the particular machine we have described. He has told 
us these electronic devices must be 100°% reliable over 
quite long periods, and for this reason the electronic cir- 
cuits need to be ‘super-stabilised’. Premature introduction 
of devices that have not proved their worth under factory 
conditions can only encourage a prejudice among workers 
and factory managers that will militate against the exten- 
sive application of electronic control in industry. 


The Pernicious Anaemia Factor 


FRoM 1926 onwards, when Minot and Murphy postulated 
the existence of a pernicious anaemia factor in liver, it has 
been an object of research to isolate this factor. This has 
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now been accomplished in the Merck Laboratories in the 
United States, and almost simultaneously in the Research 
Division of Glaxo Laboratories in Britain. The pure sub- 
Stance isolated consists of small, red, needle-like crystals: 
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the photomicrograph shows a sample of these obtained 
by Dr. E. Lester Smith and L. F. J. Parker of the latter 
team. 

A dose as low as three millionths of a gram is stated by 
the American workers to produce a prompt increase in the 
number of red blood cells in a patient, while in the case of 
the British preparation it has been calculated that eight 
millionths of a gram represents the optimum clinical 
dosage. It seems probable, therefore, that the same sub- 
Stance has been isolated in both laboratories. 

The first publication was on the American side and was 
more informative about methods of testing than of pre- 
paration. Dr. R. West of Columbia University co-operated 
on the medical side, but it seems probable that the most 
valuable ‘outside’ contribution was that of Dr. Mary 
S. Shorb of Maryland University. Her part was to estab- 
lish that the bacterium Lactabacillus lactis could be used 
to assay any preparation of the elusive pernicious anaemia 
factor. The previous necessity for time-consuming colla- 
boration between chemist and doctor is no doubt one 
reason why the final stages of purification had to wait so 
long. Another is the fact that the method of partition 
chromatography, which has proved so valuable in the 
separation of unidentified substances, and particularly those 
which are coloured, was not introduced until recently. 
It was by this method that the British concentrates were 
obtained containing between 25-3° , of the active substance. 
It was at this stage, and about a fort- 
night after the American report of x 
crystallisation, that the first British com- K 
munication was published. Ata recent 
meeting of the Biochemical Society in 
Oxford, Dr. Lester Smith stated that 
in his laboratories treatment with the 
digestive ferment trypsin was the key 
to the last stages of purification. This, 
followed by more chromatography, gave 
‘a further dramatic concentration’, and 
final crystallisation was from aqueous 
acetone. Priority belongs with first pub- 
lication to the American workers, and 
the name Vitamin B12 has been proposed by them for the 
new substance, with the proviso that it may later be 
desired to substitute a name based on chemical structure. 


Needle-shaped 


Haystacks that Fire Themselves 


A FIRE needs two things to keep it going, fuel and air. 
Air supplies oxygen, without which there is no burning and 
no heat, and before combination of fuel and oxygen can 
Start the fuel must be heated to a minimum temperature; 
after this the combustion supplies the heat to keep the 
action going and the rising current of smoke and heated air 
up the chimney ensures the continued supply of fresh air. 
Most fuels need considerable heat to start them burning, 
but there are some substances which are capable of self- 
ignition in favourable circumstances. These include coal, 
oily rags, corn, cotton, tobacco and hay—damp hay. 

In the case of hay, if this is stacked in a damp condition 
(over 25°,, moisture) self-heating can occur, and cven with- 
out the help of a carelessly thrown match or half-crazy 
people looking for mischief can set itself on fire. 
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Some heating always happens whatever the state of the 
crop when stacked. This is normal and is due to bacterial 
fermentation; the temperature may reach 50 C., but no 
damage is done—indeed the flavour of the hay may even 
be improved. This heat should die away, but a second 
kind of bacteria may now take a hand, the heat-loving 
bacillus calfactor, whose spores germinate at 45°C. This 
species of bacteria may raise the temperature to 70°C. 
which is the danger point. Hay is a notoriously bad con- 
ductor of heat and in a large stack the temperature may be 
held long enough at this high level for chemical oxidation 
to begin. This requires an extremely slow circulation of air 
upwards through the stack, heat accumulates and the rise 
may continue up to ignition point. A haystack may catch 
fire in this way at any time between the fifth and tenth weeks 
after stacking; there is little likelihood of this happening 
after twelve weeks. 

It may be important to decide whether a stack fire has 
been spontaneous or due to external ignition, since some 
insurances cover the latter only. Firth and Stuckey, writing 
in the Journal of the Society of Chemical Industry, 
say that examination of the partly burnt stack will showa 
difference in the two cases. 

If a stack which has heated up spontaneously but not 
fired is cut in half, it will show a marked gradation of 
colour from the greenish brown of unaffected hay on the 
outside, through zones of golden brown, dark brown, 

- chocolate to black hay, that retains its 

= structure, and finally to fine black 

carbon in the centre. This powdered 

carbon is pyrophoric (that means it 
will take fire in air), and the opening 
of a stack that has passed the critical 
point and contains a large patch of 
pyrophoric carbon will start a fire. 
From such a stack there comes 4a 
characteristic smell, aromatic and some- 
thing like tobacco, which is different 
from the acrid smell of hay burnt by 
an external cause. The central charred 
zone may gradually creep outwards 
along ventilation pipes in the hay to the outside air. When 
it does so, flames may break out and involve the whole of 
the outer surface, which now burns as if lit with a match. 
Chemical tests will show a rising acidity through the zones. 

In the case of hay fired from the outside there is no 
zoning and no acidity rising above that of normal hay, and 
if partly burnt the acidity is lower than normal. There 
may be blackened ‘flue pipes’, but they will penetrate 
upwards from the ground. It is such points that the 
scientific detective looks for when he is called in to decide 
whether or not a particular haystack fire is a case 0! 
arson. 

Dangerous heating may be detected by steaming and 
smoking, by the characteristic smell and, in the hands of 
an experienced man, by thrusting in an iron rod and judging 
the temperature. If a dangerous stack is taken in time, It 
may safely be spread out, cooled and re-stacked. In some 
districts where hay has frequently to be stacked wet, 4 
precaution sometimes used is to build small stacks over 4 
tripod of poles to allow sufficient flow of air to keep the 
temperature always below danger point. 
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But for radar, and that meant effectively but for T.R.E.— 
the Telecommunications Research Establishment is always 
called by its initials—we should have lost the Battle of 
Britain. Not only that: we should have failed to defeat 
Hitler's night bombing of this country, we should have 
failed to cripple the U-boats in the Atlantic, and we 
should have failed to make of R.A.F. Bomber Command 
a terrible and decisive force to hit back at the Reich. To 
deduce further what would have been our fate in the war 
without radar and T.R.E. is unnecessary. 

Such were the battle honours of T.R.E., the civilian 
scientific body which, under the Ministry of Aircraft 
Production, eventually reached a strength of 3000 in the 
service of the R.A.F. and the Fleet Air Arm, with a further 
1600 at its ancillary airfield. 

T.R.E. still exists today, with a total of well over 1000 
people working at its Malvern headquarters and at the air- 
field at Defford, near by, and though the feverish atmo- 
sphere of the war demands would seem to have gone, the 
gaps in radar research are being filled and other scientific 
work done, such as on particle acceleration for the nuclear 
physicists, on the infra-red bands, and on ultrasonics. 

Meanwhile, scattered among the universities of the 
United Kingdom, the laboratories of the radio industry, 
and in many other scientific and non-scientific walks of life 
in Britain and other countries that were allies in war, 
there are men and women to whom the initials ‘T.R.E.’ 
have a special, and almost emotional, significance. 

For in their days at T.R.E. were solved some of the 
greatest problems of the war. In an atmosphere that 
subtly mixed the informality of the laboratory with the 
high excitement of military planning, ever-growing num- 
bers of physicists formed the core of a huge team that 
inspired successive victories won by radar, a technique 
which seen in historical perspective represented an inno- 
vation ‘tas important as gunpowder or artillery’, as one 
T.R.E. man was fond of putting it. 

The great majority of these men and women were rank- 
and-file scientists recruited from all sections of scientific 
life—largely with the help of the Central Register, set up 
before the war for purposes such as this; physicists, 
engineers, a fair sprinkling of zoologists, a few chemists, 
Statisticians and so on. They were literally the ‘back- 
room boys’ of radar: their laboratories were usually 
found to be little rooms ‘“‘up two stairs, along the passage, 








first on the left, and mind your head”’; with aerials mounted 
on benches and protruding through windows, oscillators 
and modulators everywhere, and the inevitable kettle on 
for tea. (The Establishment’s life seems to have centred at 
most times round buildings with draughty stone corridors, 
a well-known one in the days at Swanage being univer- 
sally and appropriately known as ‘Pneumonia Alley’.) 

These scientists in the heat of war-time research worked 
often ten, twelve, or more hours a day—always six, often 
seven, days a week; moreover, everyone took his turn of 
night duty in Civil Defence fire-watching or Home Guard 
exercises. There seemed to be no problem which the 
Establishment could not solve electronically, though at the 
cost of long, unstinted research, development and actual 
installation and work in the fieid with the Service men. 

T.R.E.’s history is bound up with one need: the strate- 
gical air problems of a war that was won largely through 
air power. In that way it differed fundamentally in charac- 
ter from other well-known and older government physics 
establishments, which have had a greater diversity of 
‘terms of reference’; thejr pace has perhaps been steadier, 
less hectic, and probably none of them can equal T.R.E.’s 
almost snowball rate of multiplication—a factor of about 
20 times in seven years. 

It is a long story, starting in the ‘string and sealing-wax’ 
days of the mid-thirties when Sir Robert Watson-Watt 
and his assistants were pioneers and finishing (as far as the 
war era is concerned) at Great Malvern, with the entire 
Malvern College given over to the boftins—the Service 
slang name for scientists was acknowledged and used—and 
the town’s very character coloured by the mysterious com- 
pany in its midst. There was barbed wire round the school 
and guards on patrol; scanners peeped in profusion from 
the buildings; the fields were littered with odd vehicles, 
some with cheese aerials on top that rocked gently like 
Strange gadgets in some amusement park; the Abbey Hotel 
was an R.A.F. mess where uniformed and flannelled figures 
mingled in the evenings for bridge, beer, table tennis or 
talk, according to taste (with hardly a breath of radar, 
though in the bedrooms home-made radios vied for 
quality of reproduction); and between the quiet old town 
beneath the hills and Defford R.A.F. station, a dozen miles 
away, where the radar test-flying was done, the observant 
would see a regular service of buses carrying staff. Yet the 
purposes of the scientists were somehow miraculously 











Sry ai ge K % 
,  ~ ‘a ¥° Fiat, ss egateds + os yt Pee 





(Top) 


Bawdsey Research Station, 1938. Most of its efforts were 


concentrated on the installation of the coustal chain of 


CH Stations, into which was incorporated the experi- 

mental CH station at Bawdsey (its aerial masts are seen 

here) used for research and Cevelopment purposes. (By 

courtesy of Mr. A. P. Rowe and Cambridge University 
Press.) 


(Centre ) 
Aerial view of Malvern College, home of T.R.E. trom 
May. 1942. (Crown Copyright reserved.) 


(Bottom) 

T.R.E. at Worth Matravers, 1940—the beginning of the 

Swanage era which saw the development of G.C.1. and 
A.1. and the birth of centimetric radar devices. 


Crown copyright reserved 
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kept secret; no one who should not know the meaning of 
the initials T.R.E. did in fact know, and in other parts of 
the country the existence of this hive was quite unknown, 
even among the Service staffs not directly concerned. 

This was the picture in, say, invasion year: the mess a 
jumble of accents, with plenty of Canadian voices supplied 
by the R.C.A.F. and American expressions heard from the 
U.S. attachment; high-ranking officers surprisingly ap- 
pearing for short courses from the knowledgeable flannel- 
bag boys (as the chief superintendent of the war years, 
A. P. Rowe, has pointed out, that just could not have 
happened in Germany !); and constant contact at the upper 
levels between Whitehall, as personified by Churchill, 
Cripps, Renwick (Controller of Communications Equip- 
ment), Watson-Watt, Archibald Sinclair and the Service 
chiefs, and the head of T.R.E. and his right-hand men. In 
passing, it is worthy of mention again that the King and 
Queen honoured T.R.E. with a visit that summer—soon 
after T.R.E. ingenuity had culminated in the devices of 
D-day—and had their visit inconspicuously announced in 
the Court Circular as being to a M.A.P. establishment in 
the west of England. 

The Establishment began, then, with the first worries 
about air defence in the mid-thirties, when those scientists 
who could be recruited, at rather an unfashionable time, 
for defence work found themselves working at Orfordness, 
in Suffolk, on the strange new technique of echo-location. 
The world now knows something of the genesis of that 
technique: how Wimperis, Director of Scientific Research 
at the Air Ministry, wrote to Watson-Watt about the 
possibility of a death-ray, and was given instead the sug- 
gestion of echo-location which Watson-Watt elaborated in 
a paper for the first meeting of the Tizard Committee on 
air defence in January 1935. Rowe was secretary of that 
great Committee, which included, besides Tizard as chair- 
man, P. M. S. Blackett, A. V. Hill and Wimperis, and it 
was Rowe who witnessed, on behalf of the Service depart- 
ments, Watson-Watt’s famous Daventry test that showed 
broadcast energy to be re-radiated by an aircraft. Watson- 
Watt, then superintendent of the radio department of the 
National Physical Laboratory, was forthwith lent, with 
some assistants, to the Air Ministry by the Department 
of Scientific and Industrial Research: and so the research 
body that laboured under various different guises, finally 
becoming T.R.E., was born. From lonely Orfordness it 
migrated to Bawdsey Manor not far away, and Rowe took 
over the superintendship in 1938, when Watson-Watt went 
to the Air Ministry. | 

From those first experiments, there stemmed at varying 
centres a succession of brilliant developments from the 
early green blips of the cathode ray tube. Before the war 
the coastal chain of ‘floodlight’ radar, to give warning of 
enemy raiders approaching from the sea, was largely in 
being, and R.A.F. Fighter Command—T.R.E.’s first big 
Customer, so to speak—had its radar control system 
practised in time for the Few to be able to win the Battle 
of Britain. G.C.I. and A.I. (the ground and airborne por- 
tions of the radar that countered the night bomber) 
followed, in an atmosphere of top priority and ‘crash 
programme’—a familiar phrase at the Establishment dur- 
ing the war years. The long succession of achievements 
included the A.S.V. (Air to Surface Vessel) equipment that 
defeated the surfaced U-boat after the improvements of 
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the Leigh Light and the centimetric beam had made it 
impossible for the German Navy to evade it; the Plan 
Position Indicator, whose rotating display is essential to 
most modern radar; Gee, the navigation system; Gee—-H 
and the fantastic Oboe, blind bombing systems (the latter 
operated from England, even when a Mosquito was using 
it to drop flares on, say, the Ruhr); H,,S, the self-contained 
luminous map bombing apparatus that freed the bomber 
carrying it from any necessity for a ground radar station; 
radar beacon devices galore, including ‘Rebecca-Eureka’ 
for the British and American airborne invasion troops; 
and an almost limitless catalogue of jamming and counter- 
measure devices and radar methods of identifying friend 
from foe. Most of these were evolved as answers to 
critical needs by a nation at war, and the top people at 
T.R.E. had a great consciousness that on their application 
of electronics the avoidance of defeat and subsequent 
victory undoubtedly depended. 

Alongside these colourful developments went new ideas 
in synthetic trainers, instructional films and books, teams 
that engaged in intelligence and close co-operation with 
squadrons, and actual experimental flying operations 
against the enemy. 

Small wonder, then, if there appears to be some irony in 
this comment by the usually kindly Rowe in his book, 
One Story of Radar: *‘Had there been a scientist in the 
Victory Parade, he might well have carried on his banner 
the inscription: ‘My profession saved a million lives.” ” 

When he wrote that, Rowe could reflect on the eventful 
decade since he had taken over at T.R.E. When he 
succeeded Watson-Watt there were about 150 men and 
women on the staff altogether, and the erstwhile official 
name was Bawdsey Research Station. What the local 
people then thought the scientists were doing is a matter 
for conjecture, but some weird and wonderful stories of 
death-rays, rays that stopped car engines, and even oil- 
prospecting, began to spread about. Some of these myths 
were undoubtedly red herrings furnished for the public by 
those in the know. In fact, the pre-war preparations for a 
radiolocation chain were completed in time for the Estab- 
lishment to be uprooted on the outbreak of war and, by 
prior arrangement, dumped in Dundee. 

As the war progressed and T.R.E. grew, so its character 
inevitably changed several times. To some extent these 
changes were influenced by its various abodes. Little 
scientific progress, for instance, was possible in the cramped 
quarters and the rush and bustle of Dundee. The move to 
Swanage in May 1940 began a period acknowledged by 
most to be at once the most fruitful in research and also 
possibly the happiest. This was probably due in large 
part to the delightful surroundings and something of a 
permanent ‘seaside holiday’ atmosphere that seemed to 
live with the charming little town and beautiful country- 
side around—an atmosphere, however, that in no way 
lessened but rather accelerated the pace of the Establish- 
ment’s work. 

The Establishment’s name, too, changed several times 
within a short period; from Bawdsey Research Station it 
became, on the move to Dundee, the Air Ministry Research 
Establishment (A.M.R.E.); this was soon changed to the 
Ministry of Aircraft Production Research Establishment 
(M.A.P.R.E.); and shortly afterwards the initials T.R.E. 
came, this time to stay. 
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1935 Early experiments on systems for the detection 
and location of aircraft showed promise. 

1936 MARCcH—First 240 ft. masts erected and aircraft 
detected up to 75 miles. 

1937 May—The experimental CH station (Chain- 
Home) at Bawdsey became fully operational. 





1937 JuLy—Orders placed for the commercial manu- 
facture of 20 CH stations. 

1937 SEPTEMBER—First experimental A.S.V. (Air to 
Surface Vessel) located H.M.S. Rodney and 
H.M.S. Courageous. 

1937 DECEMBER—Early experiments started on G.C.I. 
(Ground Controlled Interception). 
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1939 SEPTEMBER—First A.I. equipment (Aircraft Inter- 
ception) flown over London. The Establishment 
moved from Bawdsey to Dundee. 

1940 MarcH—17 C.H.L. (Chain-Home-Low Cover) 
stations installed. 

1940 May—The Establishment moved to Swanage. 


1940 OctospER—First G.C.I. station working. 





1941 JANUARY—14 metre A.I. equipment introduced 
to the Royal Air Force. 

1941 JANUARY 10th—First recorded ‘kill’ of a sub- 
marine by 1} metre A.S.V. fitted in Whitley air- 
craft. 
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LANDMARKS IN T.R.E.’S HISTORY —— | 





1941 FEBRUARY—First centimetric A.I. flown. 
1941 NOvVEMBER—First H,S experiments started. 
1942 MarcH—First Gee raid on the Ruhr. 








1942 May—T.R.E. moved from Swanage to Malvern. 
1942 DECEMBER—First Oboe bombing raid. Work 
started on Fighter Direction Stations. 


1943 JaNUARY—First H.S attack. Opening of the | 
Battle of Berlin. | 





1943 MARCH—First centimetre A.S.V. fitted. Aircraft 
operated over the Bay of Biscay. Rebecca 
Eureka introduced for dropping supplies to | 
Resistance Groups in Europe. 


1943 AUTUMN—Gee-H stations first used for bombing. | 
1943 DECEMBER—First centimetre Oboe operations. | 
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1944 JuNE—D-Day. Rebecca/Eureka used for drop- 
ping paratroops. Gee used on the Invasion fleet. 
Oboe and H.S used for bombing coastal defences. 
Gee-H used for bombing V1 sites. G.C.I. used 
for controlling aircraft. Fighter Direction Sta- | 
tions controlled large sweeps of aircraft. Mobile | 
ground equipments (Oboe, Gee, Gee-H, long | 
range early warning) landed for use during 









subsequent operations. 





At Swanage, with open spaces on the cliffs for test 
work—and plenty of German aircraft to give real ‘hostile 
echoes’ on the cathode ray tubes—many of the principal 
radar devices that we have already mentioned were first 
conceived. Above all, it was the time of centimetric 
development: the powerful pencil beam made possible by 


Randall’s cavity magnetron (which Rowe has described as 
having been far more important to the outcome of the 
war than the atomic bomb) was harnessed to work miracles 
for the R.A.F. and Fleet Air Arm, and, of course, through 
the parallel but smaller Royal Navy and Army radar 
establishments, for H.M. ships and the Army’s anti-aircraft 
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defences respectively. The special 
features that became associated with 
T.R.E. life all grew at Swanage, the 
outstanding being the Sunday Soviets, 
those famous weekly bouts of frank 
speaking at which the privileged of 
T.R.E. met many famous scientists from 
elsewhere, high-ranking R.A.F. and 
other officers, and other war leaders, all 
discussing the war effort (both their own 
and others’) with the utmost freedom 
around Rowe's desk. The outcome was 
usually the answer, in electronic terms, 
to Britain’s needs. 

Finally there was the move to Mal- 
vern, in 1942, occasioned, it was said, 
by threat of a parachute attack. 
Rowe has since candidly suggested that 
this story was a politic invention by 
Whitehall to ease the uprooting of a 
large establishment—then a thousand 
strong—from a South Coast area which 
would be needed later for our invasion 
forces. Whatever the truth of that guess, 
T.R.E. landed one rain-drenched May 
afternoon on a not wholly sympathetic 
residential town, and there reached its 
greatest Strength; not only did_ its 
attempts to short-circuit development 
and production problems swell its 
numbers greatly by the end, but there 
was the parallel growth at Defford 
airfield, which bristled with strange 
aircraft that were practically flying 
laboratories. 

Towards the end of the war basic radar research in- 
evitably tailed off. Operational development work, how- 
ever, went on throughout the final stages. Thus, in thir- 
teen weeks towards the end of the European campaign a 
fighter direction station known as Type 70, the most 
complex mobile ground radar system up to that time (it 
included a technical convoy of 30 vehicles), was produced 
in answer to yet another demand from the R.A.F. Three 
weeks after that convoy left it was operational in the 
Nijmegen salient, and one of the fighter direction team at 
Malvern noted down that it had introduced a new factor 
by providing the advancing Group Control Centre with 
more immediate information than it had ever had before. 
That example is mentioned to show that there was still 
radar work to do at the very end of the war. 

During this account of T.R.E.’s history it has been 
possible to mention only a few of the men who controlled 
the radar war. Justice has, however, been done to many 
of them in Rowe's book and in the speech which Sir 
Stafford Cripps, first chairman of the War Cabinet's 
Radio Board, made to the Press at the end of the Japanese 
war (fully reported in The Times of V-J day). 

Here it seems desirable to look into the aims that 
actuated Rowe when the establishment grew. He knew 
that a small body of men known personally to their head 
was the ideal; but to follcw up their ideas and produce 
devices which actually went into strategic use without 
delay (‘buying time’ at the enemy’s expense, as he called 








Mr. A. P. Rowe (1938-45). 





Dr. W. B. Lewis (1945-6). Mr. W. J. Richards (1946- ). 


T.R.E..s FOUR SUPERINTENDENTS 


it) the requirement was a body of almost factory propor- 
tions. What, then, was his answer to the problem of 
organising a great conglomeration of people of different 
skills and temperaments? We quote from his book:: 


In a large Establishment there must be a mechanism which 

... provides for devolved and redevolved responsibilities and 
for a more or less uniform standard of conduct and procedure 
regarding security, acquisition of stores, demands upon 
drawing offices and workshops and a hundred other matters 
which form the daily life of a large applied research Estab- 
lishment. The first step... is, therefore, to set up an internal 
governing body. At T.R.E. this need was met by the some- 
what erroneously named Divisional Leaders Meetings which 
were attended by the Superintendents and Divisional Leaders 
who were responsible for the work of large scientific staffs. . . . 
The next step was for each Divisional Leader to hold meetings 
of his few Group Leaders, men who were responsible for from 
ten to thirty scientific staff... .The process of dissemination 
among the scientific staff was completed by Group Leaders 
holding regular meetings of a similar character. These meet- 
ings at various levels provided a channel whereby the internal 
policy regarding the conduct of our affairs percolated through- 
out the scientific staff. 

How did this work? There was, of course, a certain 
amount of regimentation: the clock tended to become 
master of working hours, meal times, and other details at 
Malvern. Visitors were taken round the Hall of Magie 
(the impressive collection of training devices in the 
Assembly Hall of the college) and the laboratories to a 
strict schedule, in the interests both of themselves and of 
the staff, to whom, incidentally, the Politicians (the general 
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name for V.I.P. visitors) were unknowingly on show. 
Rowe shrewdly saw that the sight of a V.I.P. helped the less 
eminent workers to realise the importance of their other- 
wise unpublicised jobs. But perhaps most important was 
the growing strength of the relationship with the Services 
who used and were sometimes gently ‘sold’ T.R.E. 
devices. Apart from the understood link through the 
Ministries concerned there was an ever stronger direct 
contact with R.A.F. Commands, quite apart from the 
Operational Research Sections which T.R.E. had fathered 
at the Commands. Officers were constantly visiting Mal- 
vern for first-hand discussion of day-to-day matters, and 
it was in that informal, easy and unique relationship that 
T.R.E. found its special character. It is that that gives all 
concerned with T.R.E. a special memory of something that 
lay outside all the accepted bounds of red tape and 
accepted methods of liaison. 

There was a flourishing films section that was of incalcul- 
able value to the air crews of the various Commands. 
There were interchanges of ideas on training. Towards 
the end there were privileged visitors in anticipation of the 
lowering of security: they included people who wanted to 
make commercial films or write about this unique place 
(one film that resulted was School for Secrets, which 
brought sharply divided reactions from the boffins sup- 
posedly depicted in it—unlike the B.B.C. feature pro- 
gramme which won almost universal praise). But to the 
end the secrecy was strictly maintained. How great the 
contribution of T.R.E. was has not yet been really grasped 
by the public at large; relief at the ending of war was the 
natural reaction that somehow swamped the public mind 
at the time when the curtain was lifted. 

Even now, less than three years after, it is difficult to 
see the wood for the trees. What will history say of 
T.R.E.? It will see a war fought with its devices, and, if 
the ways of man and of war change, it may be both amused 
and startled by the tremendous bluffs and tricks that these 
scientists thought up. For something must be said here of 
the radio counter-measures that occupied a great deal of 
time when the unseen ether war was being waged. Hardly 
a member of the civilian public or of the forces escaped 
seeing or knowing about physical action during the war; 
but not one in a thousand is aware of such gigantic battles 
of the mind as the story of the night before D-day, which 
for long remained secret and is still fraught with obvious 
consequences in the event of another war. 

That night radar deception reached its heights. With 
sixteen small naval ships steaming towards Boulogne went 
a circling squadron of bombers. The ships towed balloons 
to give the German radar false ‘big ship’ echoes; the 
aircraft sowed metallised strips that fluttered down round 
the ships for hours and so produced echoes appearing to 
come from a vast armada. Altogether, with these and 
other hoaxes, the impression was given to the enemy that 
we were sending a huge convoy across—and he opened up 
with all his guns and searchlights. Meanwhile the real 
invasion forces were aimed farther west. At the same time 
the trick was repeated at other parts of the French coast; 
but this was only part of the grim fun. Scores of aircraft 
that were nothing more or less than flying radar-jamming 
stations were continuously at work on the enemy: they 
were the result of months of work at T.R.E. Even more 


audacious was the dropping of dummy paratroops 
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together with metallised strips that magnified this ‘in. 
vasion’ twentyfold. German reactions told the scientists 
afterwards of their success: defences went into action at 
the wrong places, E-boats went out on fruitless missions 
air defence controllers were heard plotting a bomber force 
‘in the neighbourhood of Paris’, and the real invasion 
forces meanwhile sailed without let or hindrance! 

Yet in all those days of high-level planning, T.R.E. kept 
its secrets well. There were scares, of course: one story 
celebrated by the boffins was of a G.C.I. set that was some. 
how taken in daylight convoy through the main streets of 
Bournemouth at the height of the night-bombing era— 
with its tally of triumphant swastikas proudly painted on 
it. That caused some excitement in intelligence security 
circles. But Rowe tells an amusing story of the other side 
of the picture. After the cleaner who tidied his office at 
Malvern College had been on the job for three years 
he went to Rowe one day and announced a discovery 
he had made at Swanage while on holiday. “‘Do yoy 
know,” he said, “that they have a gadget at Swanage 
which tells them when enemy aircraft are coming to 
attack us?” 

The extreme care with which security was at all times 
watched is illustrated by the internal arrangements regard- 
ing secret documents made during part of the Swanage 
era. At this time part of the Establishment was at Worth 
Matravers, high on lonely cliffside downs four and a half 
miles outside Swanage, while other sections were housed 
in three requisitioned private schools in various parts of 
the town. In one of these the Establishment’s administra- 
tive centre and chief registry was situated. It was a strict 
rule that all secret files in use in whatever part of the 
Establishment had to be returned to this registry by 5.30 
p.m. each day for safe custody overnight; to those working 
up at Worth, this meant that all files being used had, willy- 
nilly, to be listed, parcelled up, and handed to the mes- 
senger not later than 5 p.m. for delivery on the internal 
staff ‘bus. They were redistributed to their impatiently 
waiting ‘owners’ by 10.30 a.m. the following day. 

A time-honoured anecdote of the early days is perhaps 
worth recounting. Since from the start the Establishment’s 
work was closely bound up with the R.A.F., standard 
R.A.F. procedure for stores and their relevant paper work 
was adopted, and traditional Service jargon inevitably 
followed. In an early plotting experiment the use of 
tiddleywinks as markers was suggested, and a quantity 
was therefore ordered. On their arrival they had, like 
everything else, to be drawn from Stores, the scientist who 
drew them filling up the appropriate form for **Winks, 
tiddley—quantity 500”. 

Of the scientists themselves it is pleasant to record that 
some, engaged in lofty and worrying problems, did develop 
that bland remoteness that the public likes to associate 
(along with gawkiness, long hair, and corduroy trousers) 
with the laboratory.* And they sometimes produced 

* Shortly after the war. when the T.R.E. team had largely dis 
persed, *X° (no longer in the service of the Government) found him- 
self in the hall of the Ministry of Supply in London: his own work 
happened to be in the same building. Suddenly he saw approaching 
none other than “Y’, a colleague not seen since Malvern days. 
He waited for the smile and handclasp of recognition. But ‘Y. 
when he reached him, gazed at him in matter-of-fact manner. “Seen 
‘Z (another Malvern figure) anywhere?” he asked —and continued 


on his way to some meeting or other where “Z’ was presumabl) 
walling. 
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This historic photograph shows the participants in a typical “Sunday Soviet’ at T.R.E., Malvern. 


Sitting: A Cdr. W. C. Cooper, A Cdr. C. S. Cadell, A (Cdr. W. P. G. Pretty, Sir Robert Renwick, Lord 
Cherwell, A.V.M. Sir Victor Tait, Mr. A. P. Rowe, Mr. D. W. Fry, A Cdr. C. P. Brown, A.V.M. W. E. 
Theak, G Cpt. E. C. Passmore, Dr. F. C. Williams, Mr. C. Holt Smith, A Cdr. M. K. Porter, Dr. W. B. 


Lewis. 


Standing: A.V.M. O. G. W. G. Lywood, A Cdr. G. P. Chamberlain, G Cpt. J. Shepherd-Smith, G Cpt. 


G. N. Hancock, G Cpt. C. A. Bell, Prof. D. 


M. Robinson, Mr. C. J. Carter, S Ldr. W. H. Thompson, 


G Cpt. C. C. Morton, Mr. J. C. Duckworth, Mr. E. H. Cook-Yarborough, Dr. R. A. Smith, Mr. A. B. 
Jones, Mr. J. Stewart, Dr. A. T. Starr, Dr. T. C. Keeley, Dr. A. H. Cooke, G Cpt. J. A. Macdonald, Mr. 


R. J. Dippy, Dr. D. A. Jackson. 


exhibits that were too much even for the most knowledge- 
able of politicians who were being shown round; hence the 
forbidding name of *Boffin-Baffler’ for one particular piece 
of apparatus. 

Today, the T.R.E. picture is somewhat different. With 
the end of the war the Establishment shrank and handed 
back its quarters to the college, but it is still in Malvern. 
It has been rearranged internally, and instead of the teams 
simultaneously following Service needs on separate pro- 
jects there are now three defined main technical depart- 
ments: radar, physics and engineering. Settled at a more 
pedestrian pace, the post-war T.R.E. probably bears a 
closer resemblance to its brother government establish- 
ments, such as N.P.L., than the war-time or pre-war 
T.R.E. ever did. 

Present work embraces a fascinating variety of applied 
physics research: on the radio side, Civil Aviation as well 
as the Air Services is now catered for, and automatic blind 
landing is being assayed. The Ministry of Supply School of 
Electronics was opened at T.R.E. in May (it assists all the 
Services through the Ministry of Supply, and also the 
electronics industry). Work at T.R.E. generally covers a 
wide field, and includes the refinement of suppressed 
aerials that will avoid projections on high-speed aircraft; 
meteorology, including radar detection of mountains and 
Cumulo-nimbus clouds from aircraft, both sources of 
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potential danger; geographical survey; computing; guided 
missile research; the measurement of radiation in nuclear 
physics; infra-red and ultrasonic techniques; and other 
individual tasks such as aids to medicine, astronomy, and 
spectro-photometry. The work that has been going on at 
Malvern since the war represents an almost entirely new 
chapter in T.R.E.’s history. 

The present superintendent is W. J. Richards, formerly 
head of the radio department at the Royal Aircraft 
Establishment. He is the fourth, the first having been the 
gently spoken, humorous, bespectacled Scot, Watson- 
Watt; the second, Rowe, whose efficiency was partly hidden 
by an unostentatious appearance that gave the impression 
of a quiet, pipe-smoking business man; and the third, 
Dr. W. B. Lewis, of modest but somewhat quizzical 
expression, whose wide influence in war-time radar (he 
was early chosen by Rowe as his deputy) was publicly 
acknowledged by Sir Stafford Cripps, and who succeeded 
Sir John Cockroft as director of the Canadian atomic 
project at Chalk River. 

(The composite picture at the head of this article svmbo- 
lises the revolution T.R.E. wrought in air warfare; on the left 
is seen an A.L. radome and aerial fitted for research purposes 
to the side of a T.R.E. laboratory; right, a Beaufighter 
equipped with A.1.) 

J.A. and A.D:S. 








Ultrasonics Miscellany 





H. MANLEY, B.Sc. 


Most people can hear sounds up to a limiting frequency 
of about 16,000 vibrations a second and a few of us can 
hear up to 20,000—above that figure the human ear is 
insensitive. Ultrasonics are ‘sounds’ with a frequency 
greater than 20,000 cycles per second and inaudible to 
the human ear. The upper limit of ultrasonic radiation 
that can be produced is set by the apparatus available, 
being at present somewhere about ten million vibrations a 
second (10 megacycles) for commercial equipment. The 
terms supersonics and hypersonics are now often used as 
synonyms for ultrasonics, although it would be best if 
supersonics was restricted to its original meaning of motion 
at a velocity greater than sound in contra-distinction to 
ultrasonics which always have the same velocity as sound 
waves but higher frequencies. Supersonics in this re- 
stricted context would then concern problems in ballistics 
(such as the flight path of rifle bullets, shells and high- 
speed aircraft), and these are outside the scope of this 
miscellany. 

Ultrasonics are radiations having the same velocity as 
sound—about a thousand feet per second in air at room 
temperatures—but a greater frequency and consequently 
shorter wavelength. (In strict accuracy it must be said that 
very intense sounds, such as blast and explosive waves, do 
travel at greater velocities than usual but they are rapidly 
damped out by air resistance and are of no practical 
importance outside the study of explosives.) 

Ultrasonics experiments appear in almost every science 
exhibition today; but they are also a useful tool in academic 
research and are of increasing commercial value in small- 
scale engineering. In biclogy they can be used to kill 
bacteria and break down red blood corpuscles; they will 
form emulsions and aerosols of liquids and gases and 
further, conversely, coagulate colloidal suspensions. This 
rather surprising paradox means that under different con- 
ditions ultrasonics will disperse substances to form foams, 
froths and ladies’ face creams, or to condense smokes in a 
chimney stack, and fine fogs to give dust particles which 
settle to the ground as a powder (Figs. 6-10). They can be 
used as submarine detectors and depth indicators (echo- 
sounders), and to detect and find the position of faults and 
cracks below the surface cf all types of metal castings. 
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Fessenden ultrasonic generator. 


During the war this property of position finding was 
used to train radar operators for the P.P.I. (Plan Position 
Indicator) equipment by an apparatus designed to simu- 
late the picture on a P.P.I. screen when flying over a coast- 
line. This was especially valuable for fixing the position 
of the aircraft by recognition features of a coastline as it 
was crossed. This device is based on the fact that earth 
and water reflect radio waves quite differently, the one 
absorbing much more than the other, and on a suitable 
cathode-ray tube screen the shore line is shown clearly 
defined as well as internal lakes and estuaries. Ultrasonic 
apparatus will give similar results with small models 
arranged like those for testing navigators and bomb- 
aimers. The model or map moves beneath a stand from 
which an ultrasonic beam is directed on to it, thus imitating 
an aircraft moving across the country represented by the 
map or model. 

Ultrasonic vibration can be produced in several ways, 
only two of which are of industrial importance. One 
method uses the so-called piezo-electric effect discovered 
by the brothers Jacques and Pierre Curie in 1881. When 
an electric potential is applied to the opposite sides of a 
thin plate of quartz or Rochelle salt the plate increases or 
decreases slightly in length according to the charge, and if 
the plate or crystal is correctly cut it will expand or con- 
tract along the axis of the faces to which the voltage is 
applied. When the voltage applied is an alternating one 
the plate faces pulsate mechanically at that frequency. If 
one face is clamped then the free side vibrates and acts as 
a source of ultrasonics which will be freely transmitted 
through any fluid such as air or water in contact with the 
crystal surface. 

The alternating potential is obtained from a resonant 
radio-valve circuit, the frequency being varied by means of 
a tuning condenser. The ultrasonic frequency used in the 
metal industry for finding faults varies from | to 55 
megacycles; the quartz crystal slice must necessarily be 
thinner the higher the frequency required. The reason for 
this is that when the natural frequency of the crystal is the 
same as that of electrical resonant circuit the plate vibrates 
with a large amplitude giving more power. Unfortunately, 
as crystals with a high natural frequency are very thin they 
readily break under the mechanical strains. Even for thick 
slices this tendency to break limits the plate to about 
5 centimetres in diameter which means that the power 
available from this source is never very great. 

Another method for producing ultrasonics depends on 
magnetostriction. When a length of magnetisable metal 
such as iron or nickel is magnetised it changes length 
slightly. In practice a nickel rod is placed inside a solenoid 
coil and an alternating potential applied to it from a valve 
circuit. Ina manner similar to the quartz crystal this nickel 
bar now oscillates, although in this case with double the 
applied frequency of the resonant circuit. 

Since the appropriate length of a bar is 5 centimetres 
(about 2 inches) at 50,000 cycles and decreases progressively 
as the frequency is increased, troubles similar to those 
which occur with crystals are encountered when trying to 
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FiG. 2.—How the ultrasonic flaw detector reveals cracks 
in an ingot. The top diagram shows how the echo from 
ihe flaw appears on the cathode ray screen. 


produce very high frequencies. This means that incon- 
veniently short rods would have to be used at very high 
frequencies. The difficulty was overcome in the Fessenden 
submarine and echo sounder by using a cylindrical scroll 
of metal foil or sheet wound with insulated copper wire 
(see Fig. 1), The cylindrical scroll vibrates about its waist 
and is generally attached to a metal plate which acts as an 
emitter of the ultrasonics. 

In almost all practical cases the receiver is the same type 
as the emitter, being either a quartz plate or a nickel rod 
with the appropriate electrical circuits to detect the signals 
and transform them, often using a cathode ray tube, so 
that what is happening may be seen. 


Detecting Flaws in Metal 


The most widespread industrial use of ultrasonics is in 
the metal industry for fault detection inside metal ingots 
and castings, using a technique similar to radar. The most 
serious troubles with metal castings are internal cracks or 
small pockets of gas generally termed ‘pinholes’. Either 
of these may cause a casting to fracture under stress or 
When the ingot is being forged, and this may lead to 
laminations appearing in the strip if the ingot is rolled into 
Sheet metal. 
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Fic. 4.—An ingot fractured across the line of the flaw, 

which was revealed by the blip on the right of the 

oscillogram (inset). The flaw is so large that its echo 

has merged with that from the bottom of the ingot to 
give a single large blip 


To detect these faults a part of the ingot surface is 
surface-ground with a portable machine and a little lano- 
line oil or semi-liquid metal smeared on the surface to 
give good contact. A transmitter and receiver of the 
quartz type, generally wedge-shaped in external appear- 
ance, is placed on the ground surface rather close together. 
A beam of ultrasonics is sent into the metal and is reflected 
from the far end of the ingot, and also by any cracks (even 
quite fine ones) inside the metal. These reflected beams 
are picked up by the receiver. 

On the cathode-ray tube screen a pulse of transmission 
and reflection ‘pips’ will be seen and between them, if there 
are any cracks, one or more sets of pips. The spacing 
between the pips gives the depth below the surface of the 
cracks and their relative heights an indication of the size 
of the crack. Since some energy is always dissipated 
throughout the path length inside the metal and a little 
transmitted through the far metal air surface, the reflected 
beam is weaker than the transmission pulse and the pips 
appear shorter (see Fig. 2). Any cracks, gas holes, etc., 
reflect part of the beam, and since the path is less so also 
is the time taken to traverse it. Hence on the screen some 
‘crack’ pips will appear intermediate between the 
other two sets. The layout of the apparatus is shown in 
Figs. 2 and 3. 
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Using the transmitter at another position on the metal 
surface will give the actual crack position, by triangulation, 
accurate to within a quarter of an inch perhaps, in a twelve- 
foot ingot. This method is much more sensitive than 
X-ray radiology, or the recently introduced gamma-ray 
radiology, and is also quicker and cheaper; further, the 
apparatus is readily portable—which is of considerable 
importance in industry. In the modern large foundry every 
ingot is rapidly examined by ultrasonics which completely 
repays the equipment cost in the saving of time and labour 
previously lost on machining and _ fabricating faulty 
material which had to be scrapped later. 

An example of this is the search for ‘piping’ in an ingot; 
this consists of a series of small holes down the length of 
an ingot. 

The main disadvantage of ultrasonics is that they will not 
detect flaws close to the surface, within about half an inch 
of the surface, because the reflected crack pip then merges 
with the transmission pulse. But there are other methods 
applicable only to surface cracks. The technique is also 
extended to bubble detection in any opaque medium; 
coloured plastics is an example. 

The Germans used ultrasonic beams in sheet metal 
production for continuous inspection with great success. 
They used a magnetostriction oscillator with a sonic 
condenser, operating similarly to a condenser lens in 
optics, to give a powerful beam which was not divergent 
as it usually is but parallel. The sonic beam is directed 
through the moving metal sheet into a small tank of xylol 
with fine aluminium powder suspended in it; if the strip is 
in any way laminated, a most beautiful pattern is seen. 
The small scaly aluminium particles in the xylol set them- 
selves perpendicularly to the ultrasonic beam (similar to 
the action of a Rayleigh Disc used in acoustics). Where 
any cracks or laminations exist the beam is reflected and so 
not transmitted to the liquid (the xylol is then, in effect, 
seeing a continuous lengthwise cross-section of the metal 
strip passing below); where no beam exists in the xylol 
the aluminium flakes are orientated at random and appear 
as a distinctive pattern which is at once visually obvious 
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against the uniform background of the rest of the particles 
all of which are reflecting light so that they behave as a 
mirror with the pattern seeming to be a blemish, an imper- 
fection, on its surface. 

This method was especially valuable since the pattern 
could be seen from a distance and guards could make sure 
that slave workers were not falling down on their job, 
deliberately or otherwise. A less brilliant method illus- 
trated in Fig. 5 is used in England and America. A normal 
receiver and detector are placed above and below the strip 
as it passes through a water tank and detect any lack of 
transmission of the beam (due to reflection by laminations 
in the strip—the usual fault looked for in metal strip) and 
operate an automatic marking device which paints the 
strip near one edge, where there are laminations in it. 

Ultrasonics will not only detect gas pockets in castings 
but it will also prevent them, in part at least. In small- 
scale metallurgy a beam of ultrasonics can be used to 
de-gas the liquid metal effectively so that very few air 
bubbles are contained in the liquid as it is poured into the 
moulds. The solid castings obtained are quite gas free and 
very much stronger mechanically due to this treatment. 
Unfortunately as no really powerful source of ultrasonics 
exists at present, it is impossible to apply them in a large 
furnace. In modern induction furnaces, however, ultra- 
sonics may be generated in situ by impressing two voltages 
on to the winding at the same time. Only a few furnaces 
are induction ones, however, and relatively few are used in 
this manner as yet, although there can be no doubt that 
this very beneficial process will be extended. 


Ultrasonic Alloying 


Yet another metallurgical application is where in some 
highly specialised alloys the two components are of very 
different density, lead-iron and tungsten-iron for instance. 
Normally these alloys do not give homogeneous melts but 
the component metals tend to separate out due to gravity. 
An ultrasonic beam, however, will keep them intimately 
mixed up to the moment of pouring. Another useful appli- 
cation is the interspersion by ultra- 
sonics of two metals which are 
not mutually soluble. 

Because by far the greater part 
of ladies’ face cream is air, an im- 
portant process in its manufacture 
is the intimate mixing of the fat or 
waxy base with air. Although at 
present ultrasonics are not normally 
used in the manufacture of creams 
and emulsions, they offer the pos- 
sibility of a new range of emulsions 
using substances not usually avail- 
able. In the closely related problem 
of making colloidal solutions only 
a few substances were formerly 
available, necessitating a_ variety 
of rather different techniques with 
critical and different conditions for 
each colloid, whereas ultrasonics 
offers almost certain success by a 
standard technique with any sub- 
stances. 





Fic. 5.—Ultrasonic 
lamination detector. 
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Figs. 6—7. —Exhaust stack of plant. without and with ultrasonic 
treatment of the carbon particles. The increase in effective particle 


size is accompanied by increased efficiency of dust collection (up to 


96% in this particular plant). The smoke in Fig. 6 consists of the 
fine particles shown below. Fic. 9. —Particles of untreated carbon 
black (- 30). Fig. 10.—-Particles after treatment. 


(Courtesy, Ultrasonic Corporation) 
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Bias. 
The ultrasonic waves violent 


which fills the agglomerating chamber, causing them to collide together and agglomerate. 








A pilot plant in which ultrasonics are used to condense carbon black particles. 
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Fig. 8 shows 
ly agitate the particles in the carbon black smoke 
The cyclones can 


now do their job of collecting the carbon dust more efficiently, and only a very low fraction of particles 
(those under 20 microns in diameter) escape through them. 


On seeing a quartz plate in ultrasonic oscillation the great 
experimentalist, C. V. Boys, remarked “it seems to be all 
acceleration but no motion”. Bodies in ultrasonic vibra- 
tion are in a frenzy of motion but do not move anywhere. 
Alternating accelerations cr up to 20,000 are obtained 
which rapidly destroy most solid surfaces by the mechanical 
strains involved and also the severe pounding of the surface 
by any solids suspended in the fluid. It is interesting to 
compare this high acceleration with the figures for an ultra- 
centrifuge which are of the same order of magnitude but 
where the acceleration is continuous and steady, not 
alternating. 

This furious motion rapidly mixes non-miscible liquids. 
A pellet of mercury dropped on to a submerged quartz 
plate while it is oscillating is rapidly broken down and 
dispersed throughout the water; this phenomenon is 
even more striking if the sonic beam is focused by a mirror 
on to a bead of mercury which then rushes through the 
water and is rapidly destroyed. The milky grey colloidal 
solution formed remains uncoagulated for several hours in 
spite of the great density difference; it is typical of the 
unusual colloids obtainable by using ultrasonics and which 
would not otherwise be met with or obtainable. It is 
certainly the most powerful method today for getting 
colloids and intimate homogeneous mixtures of immiscible 
liquids. If a beam is focused on to an oil-water interface 
the surface is rapidly destroyed and the oil emulsified; if 


the interface is gas-liquid as, for example, water-air, a 
foam and mist are very soon formed. In this general way 
aerosols, fogs, mists, emulsions and similar disperse 
systems can be produced. 


Finding Fish by Ultrasonics 


Whalers at present do not use ultrasonics but some trawl 
fishers tried Asdic before the war and found that schools 
of fish such as herrings, cod and mackerel are easily 
detected by these underwater ultrasonics. Since, however, 
the North Sea is already over-fished this is of no especial 
significance except to individual fishermen. 

The use of echo-finders to detect the depth of sea below 
a ship at any time and hence the position of the bottom has 
given several subsidiary applications. Wrecked ships 
resting on the bottom are often discernible from the echo- 
chart. A photograph of a trace showing the hull of the 
Lusitania has been widely published, but few treasure 
hunters seem to have favoured this method, even if they 
knew of it. 

In biological experiments it has been found that uni- 
cellular plants are injured and bacteria become pro- 
gressively immobile and die if kept in an ultrasonic beam. 
Among the larger animals, small fish may be killed and 
mice rendered unconscious by it. In most of these experi- 
ments two things are happening. There is the heating effect 
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always present, due to the absorption of the waves’ energy, 
which alone can kill; the temperature of the body cavity 
of mice has been raised to 113°C. by the beam. No record 
exists of any human having survived a body temperature 
exceeding 108°C., which is high enough, indeed, to kill 
any mammal. Apart from temperature effects there are the 
true biological effects. For instance, red blood corpuscles 
are destroyed, the cell walls broken down, and the haemo- 
globin dyes the liquid red so that it is no longer a sus- 
pension of red corpuscles which could be filtered off or 
allowed to settle down in the liquid but a true solution 
with the red colouring dye dissolved in it. Useful applica- 
tions of the beam for the killing of bacteria are rather 
difficult to conceive at present, medically at least, for fear 
of harming the patient also, but milk can be sterilised 
although at a greater cost than by the usual methods. 


Ultrasonics in Nature 


Whenever there is a new and basic scientific discovery 
one looks around to see where it is already in use in rature 
—and is rarely disappointed. Crickets and other insects 
annoy us with their love calls at up to 20,000 cycles, while 
bats use a pulsed ultrasonic beam in their very efficient 
radar for avoiding obstacles while flying. 

It had long been known that bats must have some un- 
known sense by which they could avoid, for instance, 
cotton threads strung across a room even when blinded or 
with masking tape over their eyes. It was also known that 
many species of bats had sense organs and appendages to 
the face whose precise function was not understood. This 
in fact is still true of many insects which have various 
tactile organs of unknown purpose and mechanism on the 
body surface. 

The case of the bats was cleared up by the American 
workers Griffin and Galambos, who showed that these 
bats emit bursts of ultrasonics, quite inaudible to us except 
perhaps for a sharp ‘click’. Careful observers noticed that 
a burst of inaudible sonics is emitted with a frequency of 
about 50,000: a click is heard simultaneously and, a 
little later, a buzz. The buzz is actually a rapid repetition 
of clicks at about 60 cycles. This has been determined by 
photographing the ultrasonics as shown on a cathode-ray 
tube. 

Normally a bat detects objects in the usual radar 
manner by the interval between the emitted and reflected 
pulses of waves, and they seem to be able to locate 
obstacles to within one foot. They have, however, a 
remarkable versatility in that as they approach very close 
to an obstacle they increase the frequency of the sonic 
pulses which enables them to determine this smaller dis- 
tance more accurately. 

All this is, of course, an automatic reflex with the bat, as 
breathing is with us, and probably no conscious thought 
occurs. The sounds are emitted through the mouth and 
not the nose—this is proved since a bat’s ability to avoid 
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obstacles decreases rapidly when the mouth is covered with 
tape but not when the nose is plugged. The nasal cavities 
do control the shape of the sonic pulse, however, as we 
might expect and the clicks are actually more easily heard 
when they are plugged, the cavity then acting as a resonator. 
The epiglottis which is vibrating rapidly when the bat is 
flying fast is, perhaps, the ultrasonic source. 

A possible use of ultrasonics is in the production of 
artificial gems and jewels. Synthetic corundum (aluminium 
oxide fused and allowed to cool slowly) was in large-scale 
production in Germany and America pre-war and, after 
1940, in this country also. The normally glassy melt was 
coloured to imitate rubies, sapphires, etc., and at first 
deceived gemmologists, speculators and buyers. Now it 
has great value as jewel mountings and bearings for sensi- 
tive instruments. Most often these artificial gems differ 
from the natural substance only in the number of internal 
small gas bubbles which, however, are not easily visible 
to the naked eye. These bubbles were entrapped in the 
stirring of the melt and do not easily escape because of the 
high viscosity of the liquid. They give the jeweller the 
only sound way of detecting these imitations by examina- 
tion of the stone under a low-power microscope. The small 
melting furnaces used for producing synthetic gems offer 
an ideal situation for the use of ultrasonics. It is possible 
that the Germans were using this technique before the war 
for they were producing excellent bubble-free synthetic 
spinels and were always in advance in research on the 
multiplicity of applications of ultrasonics. 


Heating Effects 


In all cases ultrasonic beams heat substances, generall) 
quite rapidly, since all the undirected fury of acceleration 
is absorbed to appear as heat. Many experiments can b: 
devised to illustrate this, such as burning a hole through 
pieces of wood with a glass rod oscillator which flashes out 
sparks and burning sawdust as it penetrates. Or a hole 
may be drilled in a glass plate by the rod—this can be of 
some small practical use; while water can be boiled so 
rapidly that ice floating in it is still unmelted, partly due to 
the different absorption co-efficients of ice and water. 

Recently the Laundry Research Association succeeded 
in experiments in the soapless cleaning of clothes. Ultra- 
sonics on the cloth dislodge the dirt and dust which 
remains in the water; one might have thought at first that 
the fabric itself would also suffer from such violent treat- 
ment. This method is not in full-scale commercial use as 
yet. 
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Fic. 1.—This map shows the areas subject to plagues of locusts and grasshoppers. 


Locust Control: An International Problem 





P. B. COLLINS, B.Sc., A.R.CS. 


THE problem of locust control is as old as civilisation, but 
ithas at no time been so serious as now. For on the control 
of this one type of pest, probably more than of any other, 
does the conquest of the world’s food shortage depend. 
This is not merely a matter of the defence of present crops 
and the elimination of the locust menace to areas already 
producing food, though that in itself would mean a great 
step forward and a vast resultant increase in useful food 
production. To solve the world food crisis, not only must 
more be produced in the traditional food-growing areas, but 
also vast new territories must be developed and their 
fertility and stored-up wealth brought to Man’s aid. 

It is in the very conversion from forest or bush, desert 
or swamp, to productive agricultural land, that the danger 
lies. For the changes that bring these lands into production 
are those, too, that make them ideal breeding grounds 
for locusts and grasshoppers. The Fourth International 
Locust Conference, held as long ago as 1936, pointed out 
“that the mass development of locusts and grasshoppers 
is furthered rather than hindered by Man’s activities, and 
that no hopes can be entertained of the problem becoming 
less acute merely as a result of the general development of 
acountry . Since that date events have shown that this ts 
Only too true, and that “‘the agricultural development of 
new areas... tends to increase the danger from locusts in 
direct proportion to the increase in the value of the crops 
exposed to their ravages’. Recently, yet another side to 


this problem has become apparent as close at hand as 
France. There, the relaxation during the war of the fire- 
prevention systems in the great pine forests of the Landes 
of Bordeaux, resulted in catastrophic fires. Gradually, the 
forests have been replaced by large areas of the tussock 
grass, Molinia; here are breeding locusts of a species not 
previously known at all in this area. Moreover, the swarm- 
ing phases of this new sub-species, closely allied to the 
African Migratory Locust, now occur, and there have in 
fact been locust swarms in the area regularly for the last 
few years. It is this extension of their range which probably 
accounts for the appearance of an unusual number of 
locusts in southern Britain during 1947. 

What, it may well be asked, is being done about this? 
Recently much has been heard, and many photographs 
published, of anti-locust work and especially of new 
developments in connexion with the use of aircraft; a 
certain amount has been heard of new chemicals, some of 
them claimed as almost ideal and universal insecticides; 
are these claims exaggerated, are the accounts of great 
advances just ‘newspaper stories’? The answer is partly ‘No 
and partly, unfortunately, “Yes. For as a matter of fact, 
the whole locust problem is so immense, the areas involved 
are so vast, and the number of insects so completely 
fantastic (the locusts in a single large swarm may weigh 
several thousand tons) that what may prove an effective 
method of combating one species, and in one area, may 
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represent the merest flea-bite when locusts are considered 
as a ‘global’ problem. 

Seven species of locust rank as major plague-producers 
in the great tropical and sub-tropical food-producing 
regions, and one of them, the migratory Locusta migratoria, 
(Fig. 3), has different races in different parts of the world. 
The great grain areas—Canada, the United States, Argen- 
tina, Australia and the wide Siberian grain belt—are further 
‘nfested by enormous hordes of grasshoppers, no less 
important and dangerous a plague than the locusts of the 
tropics. And it is an unfortunate fact that the only areas 
now free from locusts or grasshoppers and likely. to make a 
contribution towards the relief of the world food shortages 
(such as the forest and jungle belts of the Amazon and 
Central Africa) will cease to remain immune once they 
become agriculturally developed. Nor is it only where 
forests are felled that locusts take their toll of the new-found 
agricultural riches. Overgrazing by cattle, prevalent in 
many parts of the world, also provides suitable conditions 
for, and consequent extensions in the range of, the locust 
plague. 


The Anti-Locust Research Centre 


In one aspect, however, the locust problem does differ 
from many others that militate against increased food 
production. Not only is its international importance 
realised by a large number of the governments concerned; 
there is also a good deal of continuous and extremely well- 
organised correlation of results. This work is carried out 
by the Anti-Locust Research Centre, a small organisation 
housed in the Natural History Museum in London. Here, 
the most precise available information from the areas 
affected by the principal locust species is collected and 
studied, analysed and summarised. Although a British 
institution, the Centre is frequently called upon for advice 
by foreign governments, and it serves as a focus for locust 
information for the whole world. 





f IG.  # (left). 
Notice the rudimentary wings. ~ 14. 


FiG. 3 (above). 
«14. Locusts of this type were caught in Britain in 1947. 
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Though the Centre is young as an independent organisa- 
tion, reaching this status only in 1945, its history dates back 
to 1930, when a Committee on Locust Control under Sir 
Henry Miers, F.R.S., was formed by the Economic Advis- 
ory Council. It at once became apparent that to be effective, 
locust control must work on an international level, and 
the outcome was a conference at Rome in the following 
year, which was attended by Britain, France and Italy. The 
first of a series of such conferences, this gathering recom- 
mended that anti-locust research should be centralised 
at the Imperial Institute of Entomology in London (now 
the Commonwealth Institute of Entomology). The next 
eight years saw the formation of the huge collection of 
locust data which now provides the background for all 
the Centre’s work. Not only did groups of entomologists 
and others cover vast areas infested by locusts, compiling 
reports, amassing data of all sorts, trying to enlighten the 
civil administrations; the past history of the plague was 
also studied, and gradually a reliable and reasonably accur- 
ate picture of locust history was built up; and although there 
is now far more available information than can be easily 
digested, this work has gone steadily on. 

A major problem in the early days, as now, was that of 
finance, coupled with the fact that once a plague had passed, 
the government of the countries concerned could not be 
persuaded that it was worth while spending money on 
trying to find ways of avoiding further attacks. Always, it 
was taken for granted that locusts were a necessary evil 
and that measures of control were practicable only when 
swarms actually arrived. As soon as the immediate danger 
is over, the anxiety gives way to wholly unjustified hopes 
that perhaps the invasion will not recur, or at least ‘not 
in our time’, and nothing ts done until the next catastrophe, 
which again occurs unexpectedly. It is this unfounded 
optimism that should be considered as the first cause of 
the continual recurrence of locust plagues over the centur- 
ies. In Africa and Asia, it may be said that this point of 
view is being given up, largely because of the excellent 





A typical hopper (actually of the Desert Locust). 


An adult Migratory Locust (Locusta migratoria), 
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Fic. 4.—Close-up of a flying swarm of Red Locust obtained in Tanganyika in 1947. 


results of recent campaigns. But in South America at least 
such advances do not appear to have been made, and 
tremendous sums of money and operations on an enormous 
scale are still devoted only to direct control of existing 
swarms. Fundamental work on their prevention, such as ts 
carried out in Africa, has failed to engage the attention of 
those responsible for control measures and there seems to 
be little of that co-operation between workers in the field 
and in the laboratory which has become a sine qua non in 
Africa and the Middle East. 

For an understanding of the difficulties of locust and 
grasshopper control, some knowledge of the insects them- 
selves is essential. Locusts and grasshoppers (for they 
belong to the same family, Acridiidae, of the insect order 
Orthoptera) emerge as tiny ‘hoppers’ from eggs laid in the 
ground by the females, usually in ‘packets’ or groups of 
from 30 to 100 eggs. These eggs may remain throughout 
the winter ‘before hatching, or the hoppers may emerge 
ina few weeks if conditions are favourable, which implies 
a combination of warmth and moisture such as is common 
in parts of the tropics: there, as many as five generations 
may be produced in a single season. These hoppers are in 
effect miniatures of their parents but without wings (Fig. 
2). Those of the locust group tend to congregate into 
Parties, while the grasshoppers remain independent, al- 
theugh they may be present in just as large numbers. 
Locusts, moreover, are subject to variation into what are 
termed ‘phases’, so different that individuals of the same 
species may be almost unrecognisable as such. In the so/i- 
fary phase, they behave like any other member of the 
grasshopper group, leading independent lives and doing no 
particular damage. Under certain conditions, however, the 
gregarious phase tends to appear. These gregarious locusts 
are different in colour and size, have longer wings and were 


at one time classified as separate species. That the transi- 
tion from solitary to gregarious is due to population 
density can be shown in the laboratory, and it is in fact a 
two-way system. If a part-grown ‘solitary’ hopper be 
placed in a breeding cage in which is a crowd of the ‘gre- 
garious’ phase, it will by the time it is full grown be indis- 
tinguishable from the rest; and if a young ‘gregarious 
hopper, almost black in colour, be isolated and reared in 
solitary state, it grows up as a typical solitary member of 
its species, green or light brown as the case may be. 

It is on the recognition of the inter-relation of these two 
conditions and their positive identification as phases of the 
same species that modern methods of preventive locust 
control have come to be based. For if the solitary phase can 
be identified in its breeding ground, and there watched and 
so controlled that swarms are not allowed to develop, the 
core of the problem has been reached. It is now known that 
the various species do develop in certain definite areas (by 
no means all of which have been located) and that all 
swarms originate therefrom. What the conditions are that 
cause a sufficient rise in population to produce the swarm- 
ing phase is not yet exactly known; but gradually the 
‘outbreak areas’, as they are called, for the most important 
species are being discovered, and once located they can 
be watched with a comparatively small permanent staff. 

While the discovery of the significance of locust ‘phases’ 
and the location of the outbreak areas are the first steps in 
fundamental control, the actual business of killing off such 
swarms as do arise still remains the major problem of 
immediate importance. And it is here that the work of the 
Anti-Locust Research Centre again becomes prominent. 


-During the period 1931-47, the Centre dealt with some 


8000 reports of swarms, which means something over ten 
times as many individual records. These reports are made 














Fic. 5.—H.Q. of the British Locust Mission in Arabia, which 
operated like a military force. 

FiG. 6.—This map shows how a locust outbreak originated 
in two centres on the Middle Niger and covered Area 1 in 
1928. In successive years it spread to Areas 2-7. 

Fic. 7.—Spraying gear on an Anson, used for killing locusts 
with DNOC. The small central tank generates titanium 
tetrachloride smoke, for “sky marking’ to guide the pilot. 
FiG. 8.—Spraying locust-infested vegetation. These two 
pictures were taken during the Red Locust campaign, June, 
1947. 

Fic. 9.—A driver of the Arabian Locust Mission after taking 
his lorry through a locust swarm that covered over 400 

square miles. 
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by the quickest available route, where possible by wireless, 
and their plotting and analysis is a major part of the 
Centre’s work. So efficiently is this done, however, that it is 
now possible to forecast accurately the direction of swarms 
and to prepare for them before their arrival. This in 
itself leads to the confining of swarms to certain definite 
areas in which they can best be attacked by the means 
locally available. 

The importance of the correlation and dissemination of 
reports by a single centre is best demonstrated by quoting 
two examples, both within comparatively recent years. 
Between 1929 and 1934, vast swarms of Locusta migratoria 
migratorioides descended on various parts of Africa without 
warning, causing tremendous damage and spreading, 
virtually unchecked, over the greater part of the African 
continent (Fig. 6). Analysis of reports subsequently showed 
that these swarms started from two quite small outbreak 
areas in the Middle Niger; but by then the damage, 
running into many millions of pounds, had been done. 
Compare the result of this single outbreak with the fact 
that ““during the whole period 1942-7 there were no 
wholesale losses due to locusts anywhere and crops only 
suffered locally, whereas in the past every invasion inthe 
Middle East, Africa and India was inevitably followed by 
devastation and famine”. 

During the recent war, when the conservation of food 
supplies was considered as a military necessity, large 
numbers of troops were employed in many areas, especially 
in the Middle East and East Africa, and the story of locust 
control reads much like that of a military operation. 

Units such as the Middle East Anti-Locust Unit, and the 
Anti-Locust Flight of Middle East Command, R.A.F., are 
referred to frequently, while the British Locust Mission in 
Arabia, using some 400 trucks and with over a thousand 
men, operated like a military force (Figs. 5 and 9). 

Ancient methods of locust destruction have consisted of 
beating and driving into deep trenches and these “‘are still 
practised in spite of being of little value and involving the 
use of forced labour in astronomical quantities”. More 
recently, the use against locusts of such means of destruc- 
tion as flame-throwers has been much publicised, but by far 
the most effective method where hoppers are concerned is 
the scattering of poisoned baits, and this has become the 
foundation of modern locust control. Benzene hexachlor- 
ide (as ‘“Gammexane’) has proved to be a peculiarly effec- 
tive stomach poison against these insects, even when a 
bait containing as little as 0:065°, of the active principle 
is used. In areas where there is considerable native agri- 
culture this is extremely important, since unlike the 
arsenical insecticides previously employed, this substance is 
harmless to stock. It is by baiting in this fashion that the 
recent successes in Arabia and East Africa have been 
achieved. 

Where adult flying swarms are concerned other methods 
have to be used and not unnaturally much attention is 
now being given to means of airborne attack, similar to the 
much publicised air-spraying and dusting used for other 
pests in the U.S.A. and the U.S.S.R. Various difficulties 
are encountered, however, which do not appear when 
Static pests are being attacked, and a great deal of time and 
money will need to be spent before a method ot air attack, 
effective under all conditions, can be evolved. The practical 
work, which is based on experiments designed by the 
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personnel of the Anti-Locust Research Centre, is carried 
out in the first instance at the Experimental Station of the 
Ministry of Supply at Porton. 

So well has the technique there been developed that 
within the last year it has been possible for methods 
designed at the station to be used successfully on field 
operations in Tanganyika territory. There, an outstand- 
ingly successful campaign was waged in June 1947 against 
the Red Locust, Nomadacris septemfasciata (Figs. 4, 7 and 
8). In what were admittedly exceptionally favourable con- 
ditions, roosting locust swarms were attacked from the air 
with a specially evolved spray of DNOC (di-nitro-ortho- 
cresol) which “at just over one gallon per acre. . . produced 
practically 100°, mortality’. The worst feature of an 
operation of this sort is the expense of running and main- 
taining the aircraft, and efforts are therefore being made to 
evolve a suitable ground-spraying equipment which will, 
it is considered, have certain other advantages over air- 
craft. The latter, however, will certainly have to continue 
to be used for attacks on flying locust swarms, and this in 
fact is possibly the most difficult of all current problems. 
Its success depends, obviously, on ensuring that a lethal 
concentration of the spray makes contact with the swarms. 
This, it is hoped, can be achieved by using the curtain 
method, whereby aircraft are flown in such a fashion that 
“the sheet from each run is laid immediately over the 
preceding one and the curtain so formed contains the 
minimum necessary amount of poison”’. 

No single one of the many methods of prevention and 
control of locusts will suffice on its own, and for many 
years to come those outlined above, as well as new systems 
yet to be discovered, will continue to be applied. One very 
promising line of research is apparent in Africa, where the 
draining of certain breeding areas of the migratory locust, 
and their conversion from marsh to scrub, has led to. the 
cessation of their use as breeding grounds; against this, 
on the other hand, must be considered the situation in 
such development schemes as that for ground-nut produc- 
tion in East Africa, which may depend for its very success 
on the fact that it will provide vast new areas in which the 
red locust can feed and breed. But perhaps the most 
important field in which development is needed is that of 
international co-operation. The pioneer work of the Anti- 
Locust Research Centre in this respect is now supported 
in field operations by such bodies as the International Red 
Locust Control Organisation and the East African Anti- 
Locust Directorate. The French, Belgian, South African 
and Egyptian and Indian authorities especially have shown 
themselves willing to co-operate; during the recent war, 
co-operation in the Middle East included the U.S.S.R.., 
Egypt, Iran, Iraq, Saudi Arabia and India, and there seems 
little reason why this state of affairs should not gradually 
return and expand under peace-time conditions. The cost 
of international control may be as much as a million 
pounds annually, but with the present desperate world food 
Situation such an expenditure is well worth while: to combat 
a perpetual plague whose ravages cost a yearly average 
of £15 million is a dire necessity. 


(Figs. 2, 4, 7 and 8 by courtesy of Anti-Locust Research 
Centre. Fig. 4 is from a photo taken by Dr. D. L. Gunn. 
Fig. 6 from Dr. B. P. Uvarov’s Paper in the 1944 Smith- 
sonian Report.) 








The Chemist of the Market Place 
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**UNCONTAMINATED air and pure water are now universally 
regarded as necessary to the maintenance of healthy 
existence. . That unadulterated food, the bone and 
muscle of the body, is not less requisite, will be readily 
allowed; and it will appear on reflection as somewhat 
remarkable that the interests of the public in these impor- 
tant particulars should not have been watched over and 
protected by any authorised body or commission.” So in 
1851 wrote Thomas Wakley, the first editor of the Lancet, 
in his introduction to the reports of his Analytical Sanitary 
Commission. It was this Commission of a century ago, 
that led to the passing of the first of our Pure Food Acts. 
The mid-century decade, that witnessed the emergence of 
modern trade unionism, the early growth of consumers’ 
co-operation, the Great Exhibition and the fever bred by 
the Crimean War, felt, too, the urgent need of reform. Even 
the poets were touched by it. When in Maud he welcomed 
the national awakening he believed implicit in the war, 
Tennyson could yet deplore that 


Chalk and alum and plaster are sold to the poor for 
bread, 
And the spirit of murder works in the very means of 


life. 


The last hundred years have seen a series of laws designed 
for the protection of the consumer against the adultera- 
tion and sophistication of his food; and these now culmin- 
ate in the Orders regulating the quality of many foods, that 
have been issued by the Ministry of Food in the course 
of the years 1943-7. It is a fitting moment for a review 
of the long process of reform. 

Most of the readers of this journal purchase all or most 
of their food over the retail counter. Even those who have 
a garden and a few poultry could scarcely secure more than 
5°. or so of their daily energy from that source. We are, 
of course, typical of western communities. Our food is 
handled and transported, processed and preserved; and 
when mankind reaches this stage, it will sooner or later 
occur to someone to tamper with the food in transit, 
adulterate it with what should not have been there or 
remove from it what should properly have been there. 
Water, in brief, may be added to the milk and some of the 
fat content extracted from it. The consumer is cheated and 
his health may suffer, the revenue may be defrauded and 
at last legislation is demanded for the protection of the 
public. 

It seems unprofitable to search the records of antiquity 
for evidence of food adulteration. There were a few in- 
stances of it, but they were mostly of a crude nature. 
Where they were not crude, they escaped notice. In 
mediaeval times the foods that mainly attracted attention 
were bread and spices or peppers. Imported spices and 
peppers could readily be moistened or mixed with old 
stock; and at the beginning of the fourteenth century the 
Guild concerned took measures to prevent such treatment 
of ginger, cloves, saffron and the rest. The Guilds, in fact, 
had their virtues and frequently contrived to restrain their 
members from practices of this kind. 

Bread was more ordinarily subject to adulteration, 


though the methods used were still for the most part 
very crude. Both millers and bakers have often been 
suspect; and we may note how common are the traditional] 
rhymes and stories in which they are made the substance 
of satire. The strict regulations governing the price of 
bread (a matter that naturally exercised the authorities in 
those days) undoubtedly tempted the baker to adulterate 
his flour with poor-quality meal, bean meal and so on. 
In periods of dearth these practices were tacitly allowed: 
but no one liked them, and the penalties were usually 
severe. A guilty baker might be fined and stood in the 
pillory with the offending loaf hung about his neck. He 
might for continued offences be driven from the town. 

During the bad harvests that were common in late 
Tudor times, admixtures of bean and acorn meal were 
permitted; and there were complaints that oats, bran and 
sand had been used. Some have believed that alum was 
first employed at this period for the whitening of bread, 
and for disguising adulteration: but there is little evidence, 
and in any case detection would have been rare, unless 
the alum was used in considerable quantities. 

By the time Queen Anne reached the throne, the in- 
creasing importation of coffee and tea had obviously 
given the corrupt trader as good an opportunity as that 
afforded him in earlier days by the traffic in spices and 
pepper. The State soon intervened. A series of Acts were 
passed from 1718 onwards; and they showed that both 
commodities were being sophisticated to an alarming 
extent. Coffee was mixed with water and grease. while 
tea was fabricated from exhausted tea leaves and mixed 
with the leaves of sloe, liquorice, ash and elder. 

In the middle of the eighteenth century, however, science 
took a hand. It did so at first with a marked absence of 
bias, since there is little doubt that the advances in chemis- 
try were very useful to the fraudulent dealer. Those who 
attempted to expose the evil were, moreover, often 
credulous and prone to exaggeration. 

In 1757 Joseph Manning published his statement that 
bread was frequently adulterated with bean meal, chalk, 
whiting, slaked lime, alum and bone ash. But in the 
following year a chemist named Henry Jackson was at 
least able to clear the bakers of the more serious of these 
charges. He baked samples of bread from flour wherein 
the various substances were mixed in the proportions 
alleged by Manning, and he asserted that the bread bought 
in the market bore no resemblance to the bread baked 
under these conditions. Most probably he was right. 

Once the battle had been joined, it went on continuously 
with an occasional truce of greater or less duration. The 
close of the French War in 1815 was clearly a good moment 
for a further broadside in the field of scientific controversy. 
This time it was a German chemist resident in this country 
who touched off the powder. Frederick Accum was 4 
competent analyst for his day; and his work, published in 
1820, dealt with the adulteration of bread, beer, confec- 
tionery and other foods. It fan through four editions. 
Certainly for a few years the public was alarmed; but 
Accum had acquired his enemies. How it came that a 
charge could be brought against him of damaging books 
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in a public library, will never be quite clear. At all events, 
finding himself in the thick miasma of a whispering cam- 
paign, he retired to Germany and left the country to 
recover slowly from the effect of his exposures. The 
country was perhaps relieved and willing to forget. ““We 
are almost angry with Mr. Accum,” one literary journal 
had written, “for the service he has done by opening our 
eyes at the risk of shutting our mouths for ever.” 


Wakley's Campaign 


For the next thirty years the chemists contented them- 
selves with repeating the substance of Accum’s charges. 
But the scandal was growing more serious. Many books of 
commercial recipes and trade practices, published at this 
time, if they did not actually suggest adulteration, at least 
made it tolerably obvious what methods could be used. 
The perversion of science could only be checked by an 
appeal to science. Reform was, in fact, already overdue 
when in the early ‘fifties Thomas Wakley threw himself 
into the conflict. He was one of the outstanding medical 
and social reformers of his age. For some years he sat 
as Member of Parliament for one of the London constitu- 
encies; and his campaign against adulteretion was the 
last and possibly the greatest of his campaigns. 

He declared in the Lancet that he and his collaborators 
would not depend upon the statements of others: they 
would carry out their own analyses of samples. Moreover, 
they would have no hesitation in publishing the names of 
fraudulent dealers and manufacturers. The work of investi- 
gation was committed to Dr. Arthur Hassall, an able 
microscopist, and Henry Letheby, a lecturer in chemistry 
at London Hospital. The first article under their names 
appeared in 1851; it dealt with the adulteration of coffee. 
In 1855 the whole series was collected into a volume 
entitled Food and its Adulteration. 

The exposures were overwhelming. They had, too, what 
we should today describe as “a very good press’. There 
could be no question but that the evil was pervasive and 
shameless, especially in London and in a number of the 
provincial towns, though in smaller communities and in 
the countryside it was far less common. The fabrication of 
tea leaves, the watering of milk, the admixture of flour 
with alum, the use of various objectionable flavours and 
pigments in sweets and confectionery, these and other 
practices were all measured, statistically assessed and 
illustrated by Hassall and Letheby. That the scandal had 
been really growing worse over the last thirty years or so, 
there can be littlke doubt. Some writers suppose that the 
community had merely become aware of the frauds 
practised upon it through the improved means of detection 
Now at its disposal. One can scarcely accept that theory. 
Many of the earlier forms of adulteration had been ex- 
tremely crude; and the more recent forms were decidedly 
ingenious. They could not have been undertaken in an 
unscientific age. The truth rather is that the worst forms 
of adulteration emerged in the age of the small manufac- 
turer, the little competitive business in the back street. Such 
men as these, equipped with some knowledge of chemistry, 
could devise methods beyond the means of their forebears; 
and it was only when chemistry set out in pursuit of this 
corruption of chemistry and finally overtook it, that 
matters began to improve. 
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Parliament had, of course, to pay some attention to the 
work of Wakley and his friends; and after an inquiry a 
Pure Food Act was at last passed in 1860. It was not a 
very effective piece of legislation; and it had later to be 
drastically amended. But it was the first of a long series of 
measures, that closed with the Consolidating Aci of 1938. 
A detailed examination of the intention of these measures 
would be merely tedious. We can best follow the course 
of events by studying the social conflict that engendered 
them. 

Wakley died in 1862; but the temperaments now needed 
for the task were rather those of the analyst and adminis- 
trator. If the Act was to be applied, then clearly the local 
authorities would have to employ public analysts and 
to protect them. But unfortunately there were very few 
competent analysts for the authorities to employ; and to 
make matters worse, a number of the authorities were 
plainly indifferent whether they employed them or not. 


The Society of Public Analysts 


It was indeed not until the ‘seventies that much was done; 
then the quality of the problem underwent a rapid change. 
In 1874 a number of the leading analysts formed their own 
society; and this important body has not only safeguarded 
the position of its members but has taken a significant 
part in promoting research and in preparing conditions for 
further reform. About the same time new Acts were passed 
that gave more precise definition to offences, widened the 
powers of appointment and redefined the steps that might 
be taken in securing samples for analysis. So we had by 
now both a profession of analysts that was conscious of its 
functions, and a body of regulations that gave its members 
some guidance in the way they should act. It was possible 
to discriminate more carefully between the reputable 
tradesman and the rogue; and the analyst at work had a set 
of agreed standards of adulteration that were recognised in 
a Court of Law. 

Yet it was not until the late ‘seventies that the trade 
interests relaxed their efforts to hold up the movement of 
reform. The terms of legislation laid it down, for example, 
that no retailer should sell to the prejudice of the pur- 
chaser any food that was not of the quality or ingredients 
demanded by him. But then, was an analyst strictly a 
purchaser who could be prejudiced? He did not, after all, 
want the food for his own consumption but merely for 
analysis. The Courts at first inclined to hold that the 
purchase must be made in the ordinary way of custom: and 
this clearly would have frustrated the work of the analyst. 
But finally, in 1879, a ruling made it plain that the analyst 
was to be deemed a purchaser; and this ruling, though it 
may seem of slight importance, is yet a turning-point in 
our social affairs. For it meant that for the first time the 
community, frankly and explicitly, handed over to experts 
the job of protecting the quality and wholesomeness of its 
food. The powers of the experts may not then have been 
very wide; in fact, the legislators of the “seventies were still 
rather anxious to intervene as little as possible between the 
vendor and the purchaser. But a principle had been estab- 
lished; and all that remained was to give it weight and 
meaning. 

If by the ‘eighties the worst period of adulteration was 
over, this was not due simply to the penalties imposed by 
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law. No doubt these had their effect; so had the exposures 
of the Lancet Commission. But meanwhile industry was 
itself undergoing a change. The last quarter of the century 
saw the emergence of the large concentrated food indus- 
tries; and whatever we may say about these concerns, it is 
improbable that many of them are tempted to the practice 
of petty adulteration. They depend for their success on the 
work of teams of skilled research scientists; and they are 
restrained by the elementary fact that far too many people 
would know about it. Having no temptation themselves 
to illegal practices, these manufacturers and processors 
are naturally prone to condemn the small man and, in 
effect, to lend some support to measures of reform. The 
food problems of the earlier part of the nineteenth century 
were different in kind from those that gradually emerged 
in the age of the large-scale food industries; and it was with 
these new problems that the twentieth century was in- 
creasingly called upon to deal. 


Positive Food Standards 


Now, much of the legislation down to 1938 was still 
somewhat negative in character. It prohibited the adult- 
eration of food with noxious flavourings and preservatives 
or with ingredients that would affect the quantity of the 
food bought by the customer; it made some reference to 
the extraction from the food of substances the purchaser 
might have expected to find there; but beyond that, except 
in the matter of milk, and milk products, it did not venture 
far. There lay its weakness. It made no attempt to 
establish the standards of quality, that should be reached 
by all foods in common use. 

How far, then, ought the State to lay down definitions 
for foods in common use? That was really the problem 
that no one cared to face until the eve of the recent war. 
An increasing proportion of food was reaching the con- 
sumer in a manufactured form; but while it had been 
agreed that jam or margarine should not contain any 
objectionable ingredient, it was some time before legis- 
lators would agree that all jam or margarine should reach 
a certain prescribed standard of quality. The idea was 
acceptable to the Public Analysts; and it was referred to by 
a series of committees from 1875 onwards. By the close of 
the century a distinction had been made, of necessity, 
between butter and margarine; but beyond that little had 
been done. 

One must admit that the problem was more complex 
than it might at first sight appear. The processes of manu- 
facture were constantly changing; and strict definitions 
might give little chance for industrial experimentation. 
Moreover, to make such regulations effective, the co- 
operation of a vast body of producers and traders would 
have to be sought; and at that time no government 
department had any experience in dealing with all the 
diverse commercial interests concerned. The Minister of 
Health, for instance, who had after 1918 to apply the Acts, 
had no means of summoning the representatives of the 
various trades and persuading them to accept an agreed 
code of practice. 

By the early “thirties, however, the idea of standards was 
more familiar than it had been at the turn of the century. 
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Voluntary grade definitions were already in use for 
several foods. Industry, too, had been moving along its 
historical paih; the changes in the structure both of the 
commercial firms and of the co-operatives made it possible 
to negotiate with a few dominating interests on the assump. 
tion that, if once they agreed to a policy, the rest would 
fall into line. A revision of the Acts could safely be con. 
templated. Yet there were still difficulties in the way, 
The quality of a food as understood by a chemist in 1935 
was not quite the same thing as it had been to a chemist in 
1900. The knowledge of vitamin and mineral deficiencies 
was far advanced by this time; and while a committee that 
sat in 1934 could report that the lack of adequate standards 
did not seem to have led to any degree of malnutrition, 
this was surely becoming the crucial problem. 

How far, in fact, was the processing of so many foods 
depriving them of properties essential to health? Plainly 
the purchaser could not be expected to have any knowledge 
of these matters, even if he could otherwise judge the 
quality of preserved and packaged foods. 


New Legislative Line 


There was still some doubt perhaps whether the public 
desired that its Government should so far intervene on its 
behalf as to take a maternal interest in its nutritional 
welfare. But these doubts were finally swept away by the 
onset of war. The Consolidated Food and Drugs Act of 
1938 did not come into operation until the close of 1939: 
and by that time the Ministry of Food was already in 
existence. This Ministry had two advantages. It was 
dealing with the provision of food in a period of scarcity 
and had consequently to take measures for the protection 
of the quality of foods in short supply: and it was con- 
cerned with the organised food trades, whose co-operation 
it had to invite and to foster. To strengthen his hold upon 
the trades the Minister equipped himself with a scientific 
section, upon whose advice he could rely in the issue of 
regulations that might otherwise have proved unwelcome 
to the trades. But he met with no insuperable obstacle. 
There was more than a risk that a number of fraudulent 
firms would make exaggerated claims for the health 
properties of their products; and the revelation that this 
was happening gave cause for uneasiness, not merely to 
the Ministry, but to all the reputable manufacturers. 

The Act of 1938 had stated that labels and advertise- 
ments must not mislead the public as to the nature or 
quality of the food offered for sale. The Ministry ventured 
in 1943 to broaden the scope of this clause. It added 
precisely tnat the public must not be misled as to the 
nutritional or dietary value of the food. The change in 
interpretation was a very significant one. It assumed al 
last that the public both desired to be nutritionally well 
provided and was prepared to commit to the Government! 
the function of looking after its dietetic welfare. 

With the many Orders that have been issued by the 
Ministry touching upon the quality of foods and the right 
use of labels and advertisements there is here no space to 
deal. We have now the controlling department of which 
Wakley dreamed a century ago; and it is our business to 
make it effective. 
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Reflecting Microscopes 








A GRANT of £18,000 over a period of five 
years has lately been accepted by the 
University of Bristol from the Nuffield 
Foundation for the further-development 
of the reflecting type of microscope which 
has been designed and built by Dr. C. R. 
Burch of the H. H. Wills Physical Labora- 
tory of the University. It is planned to 
make ten of these new microscopes for 
use in selected laboratories, and as a 
long-term project to build a_ further 
reflecting microscope of larger aperture. 
The following article describes the origin 
of the reflecting microscope and discusses 
its advantages for special uses. 

It is one of the curiosities of the reflect- 
ing microscope that, in spite of recent de- 
velopments, the first :nstrument answer- 
ing to this description was built by 
Isaac Newton within a few years of the 
development of the refracting microscope, 
using lenses, by his Dutch contemporary 
Leeuwenhoek. Newton used an ellip- 
soidal mirror and a design which was 
incapable of development into a high- 
power instrument. The contrast with the 
telescope, of which the first reflector was 
also built by Newton, is therefore a strik- 
ing one. In the case of the latter, all the 
largest astronomical instruments which 
have been built within the past fifty years 
have been reflectors. In the case of the 
microscope, all standard instruments 
whether of low power or high have been 
refracting. 

Correction of either a reflecting telescope 
or a reflecting microscope of high magni- 
fication for the more serious optical 


faults involves the accurate polishing of 


non-spherical surfaces. This is a laborious 
and difficult proceeding, and the reason 
that it has been accepted in the one case, 
although hitherto rejected in the ciher, is 
merely that in the largest telescone there is 
no practical alternative. The essential 
requirement for an astronomical telescope 
is that it should have the largest possible 
light-gathering power, which means that 
the first mirror or the first lens must be as 
large as it can be made. It is difficult 
enough to cast and anneal a glass mirror 
of up to sixteen feet in diameter which is 
free from structural flaws, without the 
further requirement that the interior of the 


Non-spherical mirror 
of special shape 


\. Spherical mirror 








glass should be free from strain—as 
would be necessary if the glass were to 
perform satisfactorily as a lens. In addi- 
tion, a glass lens of the necessary size 
would be insufficiently rigid to resist 
distortion from its own weight, whereas 
with a mirror support can be given from a 
number of points. The surfacing of the 
large paraboloidal mirrors used in the 
largest telescopes is therefore accepted, 
not from choice, but as the lesser of two 
evils. And to this it might be added that 
there is no quantity demand for the largest 
telescopes. 


Simplifies Ultra-violet Microscopy 

Since this difficulty applies with even 
greater force to non-spherical mirrors for 
use in a microscope, although on a smaller 
scale, it is convenient to consider at this 
point what are the advantages In principle 
which a reflecting microscope can hope to 
offer. The first is that the optical proper- 
ties of a mirror depend only on its shape, 
and not at all on the wavelength of the 
radiation which is being reflected. This 
means that a system of mirrors will bring 
light of any wavelength to a focus at the 
Same point, so that no special arrange- 
ments have to be made when working, 
for example, with ultra-violet light. The 
system can be focused in visible light, and 
it will remain automatically in focus for 
any desired wavelength of ultra-violet radi- 
ation (Fig. 3). The second advantage is 
that the question of transparancy does not 
arise. Glass, although almost completely 
transparent to light, begins to absorb at 
wavelengths which are only slightly shor- 
ter than those of the visible spectrum, 
and although quartz lenses can be used, 
these also have their limitations. With a 
mirror, on the other hand, there is only a 
gradual loss of reflecting power and no 
clear-cut limit of wavelength beyond 
which its uSe is impossible. Together, 
these two advantages amount to the fact 
that it is possible, with a mirror system, 
to work farther in the ultra-violet and to 
use the same optical system irrespective 
of wavelength. 

A third advantage which ts less obvious 
is that the “working distance’ between 


M 


the object which is being examined and 
the microscope can be increased. This 
depends, naturally, on the design in detail 
of the reflecting microscope. So it may be 
preferable at this stage to put the matter 
the other way round, and state merely 
that the working distance of a high-power 
refracting microscope is necessarily limited 
and that this is one more respect in which 
improvement for special purposes is 
possible. 

The mathematical analysis which pro- 
vided the basis for Dr. Burch’s reflecting 
microscope was carried out in 1905 by 
the German astronomer, Schwarzschild, 
at Gottingen. Schwarzschild’s interest was 
in the design of telescopes. But for the 
purpose of optical theory a microscope 
can be regarded as a telescope working 
in reverse, and an argument developed in 
connexion with one instrument can there- 
fore be readily transferred to the other. 
It was Dr. Burch’s contribution to see 
that Schwarzschild’s investigation could 
be applied ready- -made to a microscope, to 
study the ‘easiest’ design which would 
also be efficient (the conditions, that is, 
under which only one mirror need be 
non-spherical)—and, not least, to make 
the first two such instruments himself. 
The first was shown as a research in pro- 
gress at the Physical Society's exhibition in 
1938, and completed a few days before the 
war. The second, built largely during the 
war, was the prototype of the ten which are 
now to be built, and was first shown rather 
more than a year ago. 

As can be seen from the diagram, this 
microscope is of the through-looking 
type, object and observer being on oppo- 
site sides of the mirror system. Rays from 
the object are first reflected at the larger 
of the two mirrors. This is the one which 
is non-spherical—and, incidentally, of a 
special form for which no verbal descrip- 
tion exists, approximately but not exactly 
ellipsoidal. They are then reflected a 
second time at the smaller mirror, and 
emerge through the central holein the large 
mirror. The design problem was to find 
the conditions such that the smaller mirror 
could be at the same time spherical 
and as small as possible, while the aper- 
ture of the microscope was 25 zreat as it 














Fic. 2.—Diagram showing the optical principles of the 


FIGURE 1. 


reflecting microscope with oil immersion component. 
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Fic. 3. 
the same no matter what kind of light illuminates the object. 
light one substitutes infra-red or ultra-violet. Photomicrography using ultra-violet and a refract- 
ing microscope ts tricky: the reflecting microscope makes the use of ultra-violet simple. The 
focused in visible light. ultra-violet illumination ts then substituted for visible 


A great advantage of mirror-microscopes Over lens-microscopes is that the focus remains 


There is no change if for visible 


JUNIO} 


microscope is 





light. and a photograph taken without altering the focus. 
a section of the kidney photographed tn green light; 
portion of the same section tn the near ultra-violet. 


could be made. With this restriction, the 
greatest numerical aperture 1s 0-65 com- 
pared with the theoretical maximum of 
unity for a lens objective used in air. 
This figure, together with the wavelength 
of light used, provides a measure of the 
fineness of detail which the microscope 
will resolve. The shorter the wavelength 
and the larger the aperture, the greater 
the resolution. Alternatively, with oil 
immersion (Fig. 2) the numerical aperture 
could be raised to 0-98, compared with 
a maximum of about I-4 for a refract- 
ing microscope, but at the price of using 
a subsidiary lens and so sacrificing in 
part some of the special advantages of an 
all-reflecting system. 

It will be seen, therefore, that as it 
stands the mirror microscope makes no 
claim to compete in visual resolving power 
with the best refracting microscopes. On 
the other hand, in proportion to its aper- 
ture, its practical performance Is as good 
as that of any other instrument and its 
aperture :* already sufficiently high to give 
a fair demonstraiicn of its special advant- 
ages. 

The simplest of these is the working 
distance, which can be anything from 14 
to 20 millimetres according to the mount- 
ing used. This has made it possible for 
K. W. Keohane at Bristol to take photo- 
micrographs, under high magnification, of 
the surface of metals at temperatures up to 
red heat and somewhat beyond. A pre- 
liminary account of this work was given 
in a lecture which was delivered jointly 
by Dr. Burch and his associates at the 
recent annual exhibition of the Physical 
Society. Cast iron, brass and pearlite 
were mentioned as among the alloy sur- 
faces which had been thus examined, 
but interpretation of the photographs has 
not yet been undertaken. All that he 
said, therefore, is that they could not have 
been obtained with retracting micro- 
scope and, at the least, that the method 


fication about 200 times.) 
should be a useful addition to those 
already employed in metallurgy. 

A second example, which also depends 
on clearance, has been in nuclear physics. 
This is in the examination of the ‘stars’ 
and other tracks left by nuclear particles 
in the photographic plates used in cosmic 
radiation research. With a normal 
microscope, these can only be examined 
from the top, that is from the emulsion 
side of the plate, for the reason that the 
thickness of the plate is greater than the 
working distance of any refracting micro- 
scope of suitable power. One application, 
in the case of plates containing large 
numbers of tracks, has been to make a 
second inspection from the reverse side, 
and in this way a number of short tracks 
have in fact been recorded which would 
otherwise have been missed. It has also 
made it easier to use pairs of photo- 
graphic platesin conjunction, as one means 
of increasing the effective recording depth 
of the emulsion, and possible to use 
experimental plates with a greater depth 
of emulsion than usual. This application 
is due jointly to Dr. G. P. S. Occhialini of 
Prof. Powell's Nuclear Physics Group at 
Bristol and to W. J. Bates who was also 
responsible for earlier development work 
with Dr. Burch. 

On the biological side, Dr. R. Barer of 
the Department of Anatomy of the 
University of Oxford, has confirmed the 
convenience of the increased working 
distance for the micromanipulation of 
tissues. He has also used the same micro- 
scope, which was the first of the present 
tvpe that Dr. Burch completed, to study 
the relative absorption of red blood cells 
over a continuous range of frequencies 
extending far into the ultra-violet. This, 
again, is something which could not have 
been done with a refracting microscope. 
It is a specialised type of work, but one 
which has obvious possibilities, particu- 
larly perhaps inrelation to cancer research. 


The left-hand photomicrograph shows 
the right-hand picture shows the identical 
(Photomicrographs by Dr. R. Barer. 


Magui- 


Since absorption spectroscopy of cells in 
the ultra-violet makes it possible to locate 
specific chemical substances within the 
living cell, it may for instance prove 
possible to detect cancer-producing sub- 
Stances within the cell. Incidentally it 
needs to be stressed that the main applica 
tions of the instrument at present lie in 
the biological field. The Nuffield Founda- 
tion has granted £2000 for the develop- 
ment of biological applications at Oxford. 
Most of these investigations have been 
of a preliminary character and have been 
carried out to show the applicability of 
the instrument to particular classes of 
problem. It is scarcely likely that, with 
first one and then two microscopes of the 
kind available, all the possible special 
uses will yet have been envisaged. The 
should rather be regarded as typical of 
what may be expected. There is certainly 
no possibility that, as with the astronoml- 
cal telescope, the refracting type of instru- 
ment could be virtually superseded. For 
most purposes the refracting microscope 
gives as good a performance as the reflect- 
ing type is ever likely to achieve, and maj 
well remain the easier to construct. AS 
Dr. Burch once stated, it is necessary for 
the surfacing of a non-spherical mirrol 
“to possess a great deal of patience and 
preferably a little insomnia 
It is hoped that, with the instrument! 
under development, a numerical aperture 
of 1-4 will be reached, and that it will be 
possible to include in it a condensing 
system which will also be reflecting. This 
will involve the polishing of four non- 
spherical mirrors in allinstead of one. The 
result will be to combine the highest mag: 
nification attainable by optical means with 
the speck ul advantages already mentioned. 
(Figs. 2 and 3, reproduced from British 
Science News, Vol. 1, No. 6, 1948, by 
permission of the Editor and Dr. R. Barer 
of the Department of Human Anatomy, 
Oxford.) A. W. Hascett, M.A. 
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drawing gives you the idea. 


This is our artist's impression of a Knee jerk. The jerk ts exaggerated a bit, but the 


If you want to find out what a normal knee jerk ts like, try it on 


yourself and your friends. It is only tair to add that doctors don't use carpenters’ hammers; they 
use a light stick with a rubber-cevered knob at one end. 


JUNIOR SCIENCE What is a Reflex Action? 





Lasr month | ended with an example of a 
reflex, the contraction of the pupil of the 
eve When a light ts shone tn it. There are 
plenty of other examples. For instance, 
you put your hand tn very hot water, and 
then snatch it out again. In that case the 
sense organs taking part in the reflex are 
in the skin, and the muscles at the other 
end of the sequence (Fig. 2) are the ones 
that bend the elbow. Another example ts 
the knee jerk—-a reflex that doctors 
nearly always test when they give you a 
general examination. Get somebody to 
sitdown and cross one leg over the other: 
then give hima sharp blow with the side ot 


your hand, just below the knee-cap. If 


vou do it at the right place his leg kicks 
up automatically (Fig. 1). You can get a 


similar result with a blow on the tront ot 


the arm opposite the elbow, and also on 
the tendon at the back of the heel. 

[he structures involved in the knee 
jerk are partly shown in Fig. 3. What you 
actually do is hita tendon sharply, causing 
it. and the muscle attached to it, to be 
Stretched. A tendon ts a bit of gristle 
attached at one end to a muscle and at the 
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other end usually to a bone. In this case 
the muscle is a very big one in the front 
of the thigh, and the bone ts the knee-cap 
and the shin-bone. The muscle ts the one 
that is mainly responsible for straighten- 
ing your leg, for example when you kick 
a football. When this muscle, with its 
tendon, is suddenly stretched tn the exper!- 
ment, it contracts, and so pulls up the leg. 
How does stretching of the muscle have 
thisettect? All muscles, and tendons, have 
sense organs inside them. When they 
are stretched some of the sense organs 
are stimulated: impulses travel back trom 
the sense organs to the central nervous 
system: the central nervous system as a 
result sends impulses along other nerves 
to the muscle, and so the muscle is caused 


to contract. This is the same sequence of 


events as in the reflex I described last 
month. 


But what, you may ask, is the use of 


all this? Whenever we sit or stand or 
move In any way —in fact wheuever we 
are not completely unconscious and 
inert-—the internal sense organs are 
plaving a part in keeping our balance and 


MUSCLE / 
(SHOWN CUT SHORT) 
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enabling us to move properly. For you 
to stand still, for instance, a lot of your 
muscles have to be in the right state of 
contraction, and to stay in the right state. 
For this, there has to be a constant stream 
of impulses, going from the internal sense 
organs to the central nervous system, and 
out to the muscles. The internal sense 
organs are not only in the muscles and 
tendons, but also in the joints of your 
bones: tn fact in all the main moving parts 
of the body. And they transmit impulses 
to the central nervous system according 
to What positions the muscles, tendons and 


joints are in. That is how you are able to 


walk without thinking about it. With each 
movement appropriate impulses are sent 
to the spinal cord and brain, and corre- 
sponding impulses are sent back to the 
muscles. If the nerves that carry the 
impulses from the internal sense organs 
are damaged, walking becomes difficult 
for a time: later it may become possible 
to walk by eye, so to speak. A normal 
person can walk with his eves closed, or 
in the dark: but a person who has learnt 
to walk by eve cannot do so. 


THIGH BONE 
(SHOWN CUT SHORT) 


PART OF 
SHIN BONE 


The nervous ‘circuit’ in a reflex action. 


Diagram of the structures concerned in the knee jerk. 
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In my second article on the ear, two 
months ago, I described how the inner ear 
plays a part in the control of balance. 
You will see now that the balance organ of 
the ear is part of a general system of 
internal sense organs, all involved in 
maintaining balance and movement by 
means of reflexes. 

There is an important complication in 
the working of the nervous system that 
I have not yet mentioned—important 
especially in this business of the automatic 
adjustment of the muscles for balance and 
movement. I have said that the nerves that 
carry impulses from the central nervous 
system stimulate muscles to contract. 
But these nerves—the motor nerves as 
they are called—have another function: 
some of them prevent a muscle from 
contracting: this action is called inhibition. 
Many muscles have two separate types of 
nerves running to them, from different 
parts of the central nervous system. There 
is the heart, for instance: the heart ts 
essentially a large muscular bag, with 
several compartments. The heart muscle 
has one set of nerves that stimulate tt: 
if you stimulate them, the heart beats 
more rapidly. But another motor nerve 


LETTERS TO THE EDITOR 


runs to the heart: and if you stimulate 
that, the heart beat slows down. I ought 
to add that the heart muscle, unlike some 
muscles, goes on contracting even if it is 
not stimulated by nerves at all: the nerves 
that go to it merely affect the rate at which 
it beats. 

This business of inhibition in the 
nervous system IS more important than 
you might think. Some parts of the brain 
Seem to be largely concerned with in- 
hibiting, or checking, movements. If these 
parts are damaged, you get quite a charac- 
teristic effect: for instance the patient will 
overshoot the mark if he tries to reach for 
something: if he tries to reach for a glass 
he may knock it over. The movement, tn 
fact, is not checked at the right moment: 
instead of being inhibited, it goes on. 
Another example comes from observa- 
tions on birds: if a particular part of the 
brain in a bird is destroyed the bird never 
stops moving about. It goes on wandering 
aboui indefinitely, in a state of permanent 
restlessness. There again you have a 
failure of inhibition. 

Next month I will tell you more about 
the way the nervous system works. 

ANTHONY BARNETT. 


Frying Pans: Any Complaints? 
Early Science and the Church 
The Barnacle from Australia 


Sin —I WELCOME your note in the June issue 
commenting on the excellent and compre- 
hensive report published by the D.S.I.R. 
on aluminium and aluminium alloys in 
the food industry. There are far too many 
people of all classes still. believing the 
fantastic assertions that aluminium its 
harmful to health in spite of the weight 
of evidence set out by impartial experts. 

1 must. however, comment on your 
penultimate paragraph in which it is 
alleged that food sticks to aluminium 
frying pans to a very much greater extent 
than to iron pans. I do not believe that 
this is widespread and have been informed 
by the manufacturers of aluminium 
holloware that complaints on this account 
are extremely rare. | am quite sure that 


had there been any appreciable number of 


such complaints an investigation would 
have been put in hand to ascertain the 
reason for sticking and to devise remedies. 
From enquiries | have made since your 
article appeared it is clear that there are 


many factors to be taken into account, of 


which by no means the least important 
are the personal idiosyncrasies of the 
cook. Another tmportant 
course, the current shortage of cooking 
fats, which | am told on reliable authority 
results in much more sticking with any 
kind of pan than was the case pre-war. 
There is no doubt that the more efficiently 
the pan is cleaned the more liable it will be 
to sticking, but the surface finish may well 
be the most important factor which might 
contribute to sticking, other items being 
constant. 


factor 1s. of 


1 could not agree that it would be 
advisable to consider chromium-plating, 
or even anodising, whilst the chromating 
process Mentioned in your paragraph is 
not applied to aluminium alloys, being 
reserved for magnesium-base materials. 
Incidentally a few magnesium frying pans 
have been made and results to date tndi- 
cate variation in ‘sticking characteristics. 

I suggest that users of aluminium pans 
who experience sticking might well carry 
out a private investigation on such factors 
as the effect of method of cleaning, or the 
type of fat emploved. 

Yours faithfully, 
E. G. WEsT. 

(Technical Director, Aluminium De- 
velopment Association. 33 Grosvenor St.. 
London, W.1.) 


Sir—lI THINK it most unfortunate that you 
should publish an article which includes 
such a bigoted and sneering attack on 
the Christian Church as that tin your 
March issue on the “Evolution of British 
Natural History” 

The writer of this article assumes a 
pernicious attitude on the part of the 
Church, and twists all the facts to support 
this. When the facts will obviousiy not fit 
conveniently into his thesis, as in the case 


of Grosseteste, who rose to be Bishop of 


f 


Lincoln in spite of advocating experi- 
mental methods in the sciences, it Is 
implied that this was the result of some 
strange oversight, and not because the 
Church has nothing against science as 
such. 
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There are other inconsistencies tn the 
article: all the English natural historians 
of the Middle Ages mentioned were 
friars: and the implication in one para- 
graph that twelfth-century scholars were 
interested in natural history contradicts 
the Statement in an earlier paragraph that 

“to attempt further investigation in any 
field .. . invited the severest punishment”, 

| might add, on the subject of scientific 
investigation and the Church's attitude 
thereto. that St. Albert the Great was 
acknowledged even by Roger Bacon (who 
is so highly praised by Mr. Hill) to be a 
master in these subjects. 

Doubtless the author has been unfor- 
tunate in deriving much of his information 
about the Middle Ages from sources just 
as iImaccurate as those from which the 
medieval naturalist derived his natural 
history. 

| feel that this article should not pass 
without protest. It is useless to spread 
knowledge in one sphere if vou foster 
ignorance in a More Important one. 

J. G. Cramer, 2 Denbridge Road, 
Bickley, Kent. 


Here is Mr. R. P. Hill's reply to this letter: 


The attitude of the medieval Church 
emerges clearly trom the pages of such 
works as “Of the Imitations of Christ” in 
which ts uttered the sharpest of warnings 
against approaching the wonders of the 
Universe in a spirit of enquiry. 

The trouble with anv dogma ts that it 
cannot be wrong. To the upholders of the 
dogma any attempt to test it or even to 
contirm it must imply a lack of faith. And 
if the dogma. as it usually does, lays upon 
its upholders the obligation to punish 
heresy. then conflict is bound to result. 
It is surely a matter of history that confict 
has arisen on many occasions between the 
Christian Church and men whose names 
have an honoured place tn the annals of 
Science. Roger Bacon was punished for 
his advocacy of a method: intolerable 
pressure was brought to bear on Galileo: 
Descartes dared not publish the real con- 
clusions to which his work led. 

In a dogma-ridden society almost an) 
field of study ts liable to become danger 
ous. At any moment the student may find 
himself compelled to choose between 
faith and reason and then, if reason should 
prevail, between the security of silence and 
the perils of publication. On the other 
hand, he might spend a lifetime in the 
pursuit of knowledge within the permitted 
limits, achieving worthwhile results bul 
never Meeting this particular difficulty. He 
might even suggest the application 0! 
experimental methods and inductive 
reasoning in his own restricted field with: 
out incurring the displeasure of _ the 
authorities. But he could not advocate 
as Bacon did, their wider application ané 
get away with it. | would not suggest thal 
Grosseteste and Albertus Magnus saw 
the path that Bacon trod but lacked the 
courage to follow it: | prefer to believe 
that, although Grosseteste in particulal 
may have come perilously near to seeing 
it in his younger days and was therefore 
lucky to escape the consequence, the piet) 
and devotion of these two men obscured 
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their intellectual vision at the = right 
moments and so enabled the one to become 
Bishop of Lincoln and the other to merit 
canonisation. 

Mr. Cramer appears to infer that “the 
Church has nothing against science as 
such’. History tends rather to show that, 
though the Church may have had nothing 
against a science that operated under the 
aegis of the Church and within boundaries 
set by the Church, it has in the past set its 
face against a science that recognises no 
boundaries. Only in recent vears have 
there been welcome signs that parts at 
least of the Christian Church are in the 
Process of learning that it can never be 
blasphemous to seek honestly after truth 
and to speak fairly of what one finds. 


Sir -A BARNACLE which was originally 
confined to the southern hemisphere, 
Elminius modestus, has recently invaded 
the coasts of Britain, Holland, and prob- 
ably France (see Discovery. April 1948, 
pp. 101-2, 124). 

It was first identified and reported by 
Mr. M. W. N. Bishop in 1945, though 
actually observed by him in Chichester 
Harbour a year earlier. The second 
record, my own, is from Essex in the 
autumn of 1945, including several large 
specimens up to 1-2 cm. diameter which 


probably settled in the spring of that 
year. In the spring of 1946 it was identi- 
fied in great abundance in the same 
area. It has since been found all round 
the coasts. notably in the south and 
south-east. but also at Plymouth (1946), 
Falmouth. Bristol Channel and tn Holland. 

Examination of several collections. by 


the kind permission of the Departments of 


Zoology of Cambridge and Liverpool. has 
shown that it was certainly absent from 
the Essex coast in 1937 and probably in 
1939. Its present northern limits (1947) 
are Skegness on the east coast and 
between Neyland and Anglesea in the 
west (see /iap). 

It appears that we have missed the 
interesting early stage in its colonisation, 
probably largely on account of war con- 
ditions, but as the animal has a hard 
skeleton. which is not readily destroyed it 
may be possible to obtain some informa- 
tion. Any collection from the south or 
south-east coasts of shells, stones or 
other objects with barnacles attached, 
which can be approximately or accurately 
dated between 1938 and 1945, might give 
a valuable clue: so also might any old 
ship, pile, or pier, which has been taken 
from the sea during this period and noi 
subsequently re-immersed or cleaned 
down. 
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(Left)—Distribution of Elminius modestus in Britain: 
from records up to the end of 1947: based on pub- 
lished data and together with some hitherto unpub- 


lished observations. 


(Above)—This photo by D. P. Wilson shows El/minius 
(top) 
Barnacle (Balanus balanvides) on a mussel shell. 


and the common British Acorn 


It would also be helpful if present 
records could be obtained by local 
observers in areas where it is as yet rare 
or unknown. notably in the West Country, 
Cardigan Bay, the Lincolnshire and York- 
shire coast, or even from Europe. 

The barnacle can be readily identified 
fromthe photograph and should be looked 
for at or below mean tidal level on hard 
surfaces not exposed to direct sunlight. 

The photograph illustrates well the 
points of distinction between Elminius 
and the common Acorn Barnacle ( Balanus 
balanoides): 


(a) Elminius has only four compart- 
ments, instead of six: 


(b) Elminius has a smoother and more 
regular (roughly octagonal) outline, 
and is considerably more delicate: 


(c 


— 


Elminius is smaller, rarely exceeding 
1 cm. in largest diameter. Neither 
Elminius nor B. balanoides leaves a 
white scar when removed from the 
substratum. 


1 should be most grateful to receive 
material or information of any kind which 
might help in following out this inter- 
esting immigration.—D. J. Crisp, Cumber 
House. Manor Road, Brixham, Devon. 








Far and Near 





Piloted Flight at Supersonic Speed 

THE American rocket plane, the Bell 
XS-I, has flown faster than sound, 
announced the U.S. Air Force Secretary 
last month. The bi-fuel rocket motor runs 
on alcohol and oxygen and as the fuel 
supply is exhausted in two minutes the 
plane is essentially an experimental model. 
As long ago as January 1947, when we 
published a photograph of the XS-1, it was 
Suggested in Discovery (p. 17) that this 
might be the first plane to reach super- 
sonic speeds. 


New Antidote for Sleeping Sickness 
ACCORDING to a Reuter’s despatch from 
Khartoum, Dr. D. Garnet Davey (one 
of the I.C.I. scientists who worked on 
paludrine) has announced the discovery 
of a new drug which has proved effective 
against trypanosome-disease of cattle. 
No further details about this drug—known 
by the code number M7555—are available 
in Britain, though we understand that 
initial trials show it to be at least as potent 
as the phenanthridinium § trypanocides 
(Discovery, May, 1948, pp. 135-6). 


International Scientific Film Congress 

THE second congress of The International 
Scientific Film Association will be held 
in London trom October 4-11, 1948. 
Further details may be obtained from The 
Scientific Film Association of 34, Soho 
Square, London, W.1. 


India’s Ministry of Science 

THE Indian Government's Department of 
Scientific Research came into being on 
June 1, 1948. In charge of the new 
Ministry 1s the Prime Munister, and Dr. 
S. S. Bhatnagar. F.R.S., Director of 
Scientific and Industrial Research, has 
been appointed Secretary and Principal 
Fxecutive Officer. The Department takes 
over the work of the Board of Research on 
Atomic Energy and the Council of 
Scientific and Industrial Research, and 
among its functions 1s included the co- 
ordination of the scientific activities of 
the other Ministries. 


A Second Mellon 

LAST vear a British institution planned to 
Operate In a Manner somewhat compar- 
able to the Mellon Institute, though initi- 
ally on a smaller scale, was established at 
Stoke Poges. This ts called the Fulmer 
Research Institute. A second “miniature 
Mellon’ has now been set up at Dorking, 
under the name of the Sondes Place 
Research Institute, whose laboratories will 
provide tacilities for research and develop- 
ment work as well as for the carrying out 
of physical and chemical testing of mate- 
rials. One laboratory 1s devoted to the 
application of electronic methods and 
automatic control to industry. This 
institute, which undertakes work for 
industrial firms on a contract basis has its 
headquarters at 14 Old Queen Street. 
London, S.W.1. 


hitherto unattainable. 
Prof. Joseph W. Kennedy, 
the Department of Chemistry, Washington 


recently told the St. 
American Chemical Society 
molecules were left in a state of 
excitation and often exhibited an extra- 
ordinary chemical activity that cannot be 


Cyclotron Effects New Syntheses 


Wuat has already been achieved in the 
revelation of new elements and the signi- 
ficant new affinities displayed by other 
chemical substances after atomic bom- 
bardment in the cyclotron suggest that we 
are on the eve of producing chemicals 
That is the view of 
Chairman of 


University, St. Louis. 

Following nuclear transmutation—he 
Louis section of the 
—atoms and 


great 





Sir D'Arcy Thompson (1860-1948) 


induced by any means other than bombard- 
ment. Iodine atoms stimulated by gamma 
rays. for example, combined instantane- 
ously with benzene, alcohol and other 
chemicals to produce substances which 
are relatively difficult to make by conven- 
tional chemical methods. The excited 
iodine, moreover, reacts at temperatures 
as low as —I195 C., where ordinary 
chemical activity 1s at a virtual standstill. 


Science and the 1951 Exhibition 

The Council of the Exhibition 
Science and Technology set up in con- 
nexion with the 1951 Exhibition comprises 
the following members: 

Sir Alan Barlow (chairman), Sir Wallace 
Akers. Sir Stanley Angwin, Sir Edward 
Appleton, Sir Alfred Egerton, Sir John 
Fryer, Sir William Halcrow, Sir Edward 
Mellanby. Professor Andrew Robertson, 
Sir Edward Salisbury, Sir Frank Smith. 
The secretary will be Mr. lan Cox. 


Death of D*’Arcy Thompson 


THE death occurred on June 21 at the age 
of 88 ot Sir D'Arcy Wentworth Thompson, 


of 


one of Britain's outstanding biologists, 
He had been Professor of Natural History 
at St. Andrews for over 60 years. being 
appointed professor (actually at U Niversity 
College, Dundee, which was later incor- 
porated into St. Andrews University) 
when he was only 24. His best-known 
work is the now classic Growth and 
Form, originally published in 1917 

Mr. J. J. Shaw, the West Bromwich 
seismologist, died on May 24, aged 74. 
His systematic recording of earthquake 
Shocks won him an honorary M.Sc. of 
Birmingham University and a C.B.E. 


B.B.C.’s Scientific Advisory Committee 
THe B.B.C. has appointed a Scientific 
Advisory Committee to advise on the 
Corporation’s scientific research and its 
correlation with external activities in the 
same field. 

The committee includes the following: 
Sir Edward Appleton (chairman), Sir John 
Cockroft, Dr. H. G. Booker, Protessor 
Willis Jackson, Dr. R. L. Smith-Rose and 
Professor F. G. Williams. 


Commonwealth Scientific Liaison in 
London 

THE British Commonwealth of Nations 
Scientific Liaison Offices have — been 
opened on the third floor of Africa House, 
Kingsway, London, W.C.2. This measure 
to facilitate co- operation in the civil as 
pects of sclence within the Commonwealth 
was decided on by the British Common- 
wealth Scientific Official Conference held 


in London tn 1946. The offices taking 
part in the scheme are the Scientific 
Liaison Offices of Australia, Canada, 
Central African Council, India, New 
Zealand, South Africa and the United 
Kingdom. Pakistan and the Common- 


wealth Agricultural Bureaux will be repre- 
sented and the Overseas L liaison Division 
of Britain's Department of Scientific and 
Industrial Research will work in Africa 
House. 


Instruction in Automatic Control 


COURSES on servo-mechanism and auto 
matic control are being given at sever 
colleges this vear. These include the 
Central Technical College. Birmingham 
(August 30-September 4) and 


College, Newcastle (September — 1-3). 


Kings | 


Details can be obtained from the Press | 


section of the Ministry of Supply. Shell 


Mex House, London. W.C.2. 


Ministry of Fuel’s Chief Scientist 

Dr. H. Roxpete Cox, director of the 
National Gas Turbine Establishment, has 
been appointed Chief Scientist at the 
Ministry of Fuel and Power. 


Protection from Radiation Hazards 

THe shilling pamphlet entitled The Pro- 
tection of “orkers from Radiation Hazards 
just published by the Labour Research 
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DISCOVERY July, 1948 


Department is a product of the Atomic 
Sciences Committee of the Association of 
Scientific Workers. In an excellent fore- 
word, Sir Ernest Rock Carling points out 
the insid:ous nature of radiation hazards 
and the desirability of making sure that 
workers handling radioactive substances 
appreciate fully the necessity of observing 
safety precautions. The pamphlet is 
intended to bring about such an attitude 
on the part of the workers, and it is, there- 
fore, disappointing to find it so unbal- 
anced and obscurely written that its 
effect might well be to frighten workers 
away from jobs which could be quite safe 
if properly and cleanly carried out. 

Something like eleven pages are devoted 
to explaining the dire effects of radiations 
on the human body, and the statements 
about these effects lose force by overmuch 
repetition, while at the same time insuffi- 
cient stress is laid on the experience of the 
American atomic energy projects, in which 
enormous amounts of radioactive materials 
have been handled with remarkable 
freedom from radiation overdosage simply 
because rules designed for the workers’ 
protection are strictly observed. The 
material presented is somewhat indi- 
gestible and may easily do more harm than 
good. 

One valuable contribution which the 
pamphlet makes is to suggest the functions 
of full-time safety officers in those indus- 
tries where large amounts of radioactive 
substances are handled. 


_ Research Grants in Agriculture 
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Tue Stationery Office has published a 
threepenny pamphlet which contains use- 
ful notes on training grants, research 
studentships in agricultural science and 
special research grants. The document 


| gives some indication of what openings 


there are in agricultural research. 


Mail by Helicopter 

On June | the G.P.O. started delivering 
and collecting mail by helicopter. This 
experimental service, the first of its kind 
in Britain, operates between Peterborough, 
Norwich and Great Yarmouth. 


Liquid Ammonia as a Farm Fertiliser 


DurRING 1947 the use of anhydrous or 
liquid ammonia as a farm fertiliser made 
in the United 
States. Although pilot research results 
were not available until the spring, and 
although a new large-scale technique had 
to be improvised in a few weeks, over 
200,000 acres of cereal and cotton crops 


this flying start was encouraged by a 
Severe shortage of solid nitrogenous 
fertilisers; nevertheless, if some farmers 
adopted the new idea in a spirit of sub- 
stitution, the results obtained make it 
clear that they will continue with anhy- 
drous ammonia in a spirit of preference. 
Basic equipment required consists in a 
tractor for application and a trailer tank 
capable of holding about 1000 gallons. 
The applied liquid must be rapidly covered 
to obviate loss to the air; in the soil the 
ammonia combines with clay and humus, 


and until conversion into nitrates (nitrifi- 
cation) has taken place—which requires 
several weeks of warm weather—there is 
insignificant loss by leaching. In most 
operations the liquid ammonia was 
applied at a depth of 4 inches. The-flow 
of liquid ammonia into the soil is con- 
trolled by a valve ‘and pressure gauge. 
The liquid enters the soil through a 
‘knife-type’ injecting point which is 
immediately followed by 2 disc or plough 
operation for covering. It is essentially a 
planting-time or autumna! operation; as a 
top dressing during plant-growth anhy- 
drous ammonia is still in an experimental 
stage. 

Unlike most concentrated fertilisers, 
developed in recent years, anhydrous 
ammonia is the cheapest nitrogen source 
available; on the basis of U.S. prices in 
1947, the cost per lb. of nitrogen was 
17 cents for nitrate of soda, 10 cents for 
ammonium nitrate, and 6 cents for 
anhydrous ammonia. 

For fuller details a Mississipi Agricul- 
tural Experiment Station Bulletin (May 
1947), and a paper by Dr. W. B. Andrews 
in Agricultural Chemicais (February 1948) 
should be consulted. 


Greenwich Observatory at Herstmonceux 


IN a statement (Cmd. 7337) issued in 
explanation of the Navy Estimates, it is 
reported that the preparation of Herst- 
monceux Castle for occupation by the 
Royal Observatory is weil in hand, and 
it is hoped that the initial stage of the 
removal will take place in the first half of 
the financial year. 

Planning for the Isaac Newton Obser- 
vatory at Herstmonceux proceeds. The 
Board of Management are considering the 
fundamental details of design of the 100- 
in. telescope and mounting. Both the 
telescope and the 100-in. disc will be made 
in the United Kingdom. The token sum 
of £2,000 included in the Estimates is 
intended to cover the cost of preliminary 
investigations in connexion with the 
optical and mechanical design of the large 
glass disc and the methods of casting it. 


Synthetic Rival to the Diamond? 


GREAT interest was aroused at the 
Gemmological Exhibition held in London 
recently by a specimen of synthetic 
rutile. This had been brought from the 
United States, where it was made by the 
Verneuil process (see Discovery, May 
1948, pp. 140-1), and this was the first 
sample of synthetic rutile seen in Britain. 
Some experts think this artificial gem- 
stone, which is composed of titanium 
dioxide, may challenge’ the diamond, 
having optical properties somewhat 
similar to that stone which give it excep- 
tional brilliance when cut. It is, however, 
much softer and more easily scratched. 


New Vegetable Research Station 

Dr. JAMES PHILP has been appointed 
director of the Vegetable Research Station 
to be set up in due course in Britain. 
His first task will be to find a suitable site 
for the new station. Dr. Philp was on 
the staff of the John Innes Horticultural 
Institution during the period 1927-34. 
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He then became director of the Cereal 
Division of the Egyptian Ministry of 
Agriculture. In 1942 he joined the South 
African Department of Forestry, and 
established a tree-breeding station. He 
has been director of the South African 
Wattle Research Institute (which he 
established) at Pietermaritzburg from 
1944 until 1947. Dr. Philp was joint 
author with Dr. F. W. Sansome of Recent 
Advances in Plant Genetics. 


Radio-isotopes from Harwell 


SEVEN AND A HALF months after the event, 
the Ministry of Supply (on May 10) issued 
a statement to the effect that the first 
sample of a radio-isotope to be despatched 
from Harwell was delivered to the Medical 
Research Council on September 28, 1947. 
It was a sample of radio-iodine produced 
in the low-power pile (‘Gleep’), and was 
passed by the M.R.C. to a Liverpool 
hospital. The monthly production total of 
radio-isotope samples reached 120 in 
March this year, of which one-third was 
used at Harwell. The remainder went to 
hospitals and research laboratories all 
over the country. 

Isotopes of approximately 30 different 
elements have so far been produced at 
Harwell. The isotope which has been 
prepared in the greatest quantities is radio- 
sodium. Most of it has been used in hos- 
pitals for diagnosis, particularly of vascular 
diseases and for research purposes. Other 
radio-isotopes which are in great demand 
include radio-potassium and _ radio- 
bromine, which are chiefly used in biologi- 
cal research. Other isotopes have been 
supplied to institutions where cancer 
research is carried out, for pure research 
in the field of physics and chemistry, and 
last but not least for experiments on 
friction. 


The Arctic is getting Warmer 


THE climate of the Arctic is becoming 
warmer, according to Professor Hans 
AhlImann of Stockholm University, who 
lectured to the Royal Geographical 
Society of London recently. One result 
is that in Iceland glaciers are shrinking to 
expose districts cultivated by farmers 
before 1300, but ice-covered ever since. 
In Norway and Spitzbergen the mean 
temperature has increased ‘“‘incomparably 
more during the last two to three decades 
than at any other time in the last 200 
years’. In Oslo, winter temperatures have 
increased most, summer temperatures 
least. In Spitzbergen, average February 
temperatures were seven degrees warmer 
for the period 1931-8 than for the period 
1911-20. 

Fishing is likely to be affected con- 
siderably by the change. The effect on 
cod is already obvious. This fish is now 
migrating farther northwards, so that in 
1946 the cod catch off Greenland was 
13,000 tons as against 50 tons in 1917. 
Haddock and halibut are showing a 
similar trend. 

The most likely explanation for the 
change, says Professor Ahlmann, is in- 
creased air circulation transferring more 
+ from the Equator towards the North 

ole. 





Bookshelf 





in i 
1948; 


Sea-shore Life of Britain. By 
Brightwell (Batsford, London, 
pp. 116, 94 illustrations, 12s. 6d.). 


THIS is a very readable holiday book for 
the non-professional nature lover, written 
and illustrated by an accomplished artist 
who also possesses a very pleasing literary 
style. There is a fine series of photographs, 
depicting different kinds of sea-shore, and 
more than fifty original drawings, four of 
them in full colour. 

In illustrating a book of this kind a 
certain amount of freedom in ‘artistic in- 
terpretation’ is perhaps allowable. But 
sheer inaccuracy cannot be excused in any 
book, however ‘popular’ it claims to be. 
The illustration in Fig. 11 (2) gives a 
totally wrong impression of a lug- worm 
(Arenicola) burrow; the colony of ‘sea-fir’ 
(Fig. 68) which is stated to be ‘probably 
Sertularia or Antennularia’ (spelled with- 
Out capitals) is neither the one nor the 
other but is a group of feather stars 
(Antedon) that belong to an entirely 
different and totally unrelated phylum of 
the animal kingdom having, in life, not 
even a remote resemblance to hydroids; 
squat lobsters (Galathea) are seldom or 
never seen with extended abdomen as 
shown in Figs. 66 and 81. These are but a 
few examples of such inaccuracies in the 
illustrations. 

The text, too, is bristling with errors of 
which only a few can be mentioned. The 
staff of the Marine Biological Laboratory 
at Plymouth do nor “rely largely on deep 
sea trawlermen for much of their most 

valuable material” (p. 41); the brown seal 
is not “very rare in these islands’: the 
single pup of the grey seal is not “born in 
June and by September will be a yard 
long’, and Steven’s seal census did not 
reveal “‘an average population of about 
seven hundred” on the North Cornwall 
coast (p. 85): basking sharks do not feed 
only on herrings (p. 86); herrings do not 
feed “half the world’s population” (p. 107) 
—and so on. 

Errors in spelling are so numerous as to 
be fully in keeping with the general stand- 
ard of the book which, on the whole, has 
little to recommend it. This is a pity 
because there is great need for really good 
books of this kind—and this book could 
so easily have been one of them if even a 
reasonable amount of attention had been 
given to getting the facts right. 


G. A. STEVEN. 


Part I. 
Part II. Berberi- 


Drawings of British Plants. 


Ranunculaceae (6s.): 
daceae, Nymphaeaceae, Papaveraceae, 
Fumariaceae (4s. 6d.). By Stella Ross- 
Craig. With a foreword by Sir Edward 
Salisbury. (Bell, London, 1948.) 
Two volumes of illustrations occupying 
sixty-six plates form the first instalment 
of a project to publish drawings of all 
the well-defined species of flowering plants 
found wild in this country. Each plate 
shows enough of the plant, at life size, 
to reveal its general characters, and 
drawings of points of detail provide much 


Printed and Published in Great Britain by Jarrold & Sons, Ltd., Norwich. * 


valuable additional information. The 
beautiful drawings are in the best tra- 
dition of black-and-white botanical pic- 
tures, with a delightful individual style 
which shows traces of influence from fhe 
famous drawings published by Leonhard 
Fuchs in the sixteenth century. The 
drawings are clear, accurate and informa- 
tive; they have the authority of Kew 
behind them. 

Miss Ross-Craig’s skill as a botanical 
artist is well known to professional 
botanists. These drawings will greatly 
enlarge the circle of her admirers, for 
it is certain that everyone interested in 
British flowering plants will want to use 
them. The drawings bring out the 
dignity and beauty of our wild plants, 
showing that many of them are much 
more than weeds to be exterminated and 
Suggesting that they deserve a better fate 
than to be plucked and cast away at the 
whim of a passing fancy. 

It is to be hoped that nothing will 
prevent the completion of a work which 
may extend to nearly 2000 plates, and 
which must take some years to finish. It 
is hard to wait for the many instalments 
still to come, with these excellent plates to 
whet the appetite. The artist and the 
publishers merit strong support in this 
most worthy uidertaking. 

B. BARNES. 


Simple Experiments with Insects. By Dr. 
H. Kalmus (Heinemann, London, 1948; 
pp. 132, 7s. 6¢.). 


THE subjects of insect physiology and 
behaviour form a highly specialised and 
rapidly extending field of knowledge, and 
one which has hitherto been summarised 
in a very few extremely advanced works 
such as those of Wigglesworth and of 
von Buddenbrock. There has not, how- 
ever, been anything resembling a simple 
readable text-book for schoolchildren and 
their teachers, and for ‘amateur’ entomo- 
logists and naturalists. This is somewhat 
Surprising, in that insects do provide a 
very ready means of illustrating many 
fundamental biological principles and of 
giving practice in techniques of biological 
experiment. Whtie it is true that the phy- 
siology and behaviour of insects is of 
necessity complicated by their means of 
respiration and circulation, their exo- 
skeleton and their smail size, nonetheless, 
if this is taken into account, insects can 
be very useful experimental material for 
the teaching of biology. 

This book by Dr. Kalmus very compe- 
tently aims at filling this gap in the litera- 
ture, and there are indeed few persons as 
well qualified to prepare such a work as 
the author has produced. One may in ali 
sincerity praise this work as being all that 
it claims to be, and one may hail it as the 
first of its kind; such a work was really 
needed. 

There are a few minor faults which mar 
the book; a number of the original illus- 
trations, though possibly adequate, may 
be called somewhat ‘scribbly’ by compari- 
son with the illustrations taken and 


rs 


acknowledged from other authors. Surely. 
this work was worthy of better drawings, 

A few minor errata will no doubt be | 
corrected in later editions; on p. 56, for | 
example, a locust (Acridiidae) is described 
as a field cricket, and the tibiae of a4 
cricket (Gryllidae) are described as the 
femora of a grasshopper. On p. 93, the 
wing venation of what is described as q_ 
female housefly, is that of a Tachinid rather 
than that of an Anthomyid (Imms, 1938 
edition); the venation of the male is rather 
obscurely shown. On p. 12, the explana- 
tion in the third paragraph of Experiment 
10 suffers from the over-compression 
perhaps unavoidable in works of this 
kind. The role of water in the liberation 
of hydrogen cyanide from_ potassium, 
cyanide is not mentioned; carbon dioxidg 
alone is named. These are perhaps rather 
small points, and they are only mentioned 
since their correction would improve an 
otherwise excellent production. 

The bibliography of 101 references is 
excellent, but will probably be of more use 
to the teachers using the book than to 
their students. 


R. A. DAvIs, 


Magnetic Materials. By F. Brailsford, 
(Methuen, London, 1948, pp. 156, 6s,) 


THIS monograph certainly fulfils the 
declared aim of the series to “provide 
readers of average scientific attainment 
with a compact statement of the modem 
position in each subject”. 

Wisely, in a book of this size, the author 
has confined himself to a description of 
the properties of magnetic materials, with 
a few very simple details of the physical 
processes which give rise to these proper 
ties. He has not attempted to write a text 
book on metallurgy or electrical engineer 
ing design. Naturally the author deals at 
greatest length with ‘soft’ magnetic 
materials such as those used in tran 
former cores, since it is with thes 
materials that he has been most closely 
concerned, but the chapter on permanent 


‘magnet materials, although short, is up 


to-date and accurate. 

There are 86 diagrams, which is a very 
generous number for a book of this siz. 
They carry a wealth of information and 
explanation, but are marred by some vefy 
untidy and rather illegible freehand 
lettering. If the publishers lack the ser 
vices of an expert in this art, they would 
be well advised to print all letters an 
figures on diagrams in type, as is thé 
practice in the Proceedings of the Roya 
Society and similar periodicals. 

The book is not intended for popular 
reading, but its demands on the previous 
knowledge of the reader are sufficiently 
modest for it to be recommended t 
students of physics, metallurgy, or electri 
cal engineering at any stage beyond, say, the 
Intermediate. At the same time much 
the information is so recent and otherwise 
so inaccessible that even those working 
on magnetic materials may find something 
of value in this volume. 

M. McCAalG. 


Editorial Offices: 244 High Holborn, W.C.1. 
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